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which cover the whole field of pure chemistry. 

(b) British Chemical and Physiological Abstracts. 

The Society collaborates with the ange | of Chemical Industry, the Physiological Society, and the Bio- 
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CHINA CLAYS (Kaolin) 

BALL CLAY (Argile) 

CORNWALL STONE (China Stone) 
FELSPAR KALYTES (Barytes Substitute) 
ALUMINIUM SILICATE (Talc Substitute) 
BENTONITE (and British Substitutes) 
TALC (and British Substitutes) 

QUARTZ SANDS 


REFRACTORY CLAYS, BRICKS, TILES, etc. 
- and other products. 


pos i tg ¢ THERE ARE MANY TYPES OF CHINA CLAY, BALL CLAY, 
. etc., EACH HAVING ITS OWN PECULIARITIES. THEY 

Paper DIFFER IN ANALYSES, PARTICLE SIZE, COLOUR, 
Textiles SUSPENSION, etc. They can be supplied in bulk or in 
Earthenware finest powder form. 
Porcelain 
Refractories 
Let us know 
Furnace Linings h you are seek 
Furnace Moulds what ing 
Insulators and we will make recommendations and supply copious 
Cement samples for tests. 
yaa _ Our British substitutes for foreign minerals are in daily 
Fuses increasing demand. 

Paints @ A few of our SPECIAL KAOLINS supplied in the finest 
Enamels powder form : 
Rubber Goods STOCKALITE 
Cabl 
DEVOLITE 
Inks COLWHITE 
SPESWHITE 
Fireworks SUPREME 

edici 
@ TALC SUBSTITUTES : 
Cosmetics TAKOLIN TAKOLITE, Etc. 
Polishes = 
Roofing Felts @ BARYTES SUBSTITUTE : 
Soaps KALYTES 
etc. ; 
PRODUCERS : 


ENGLISH CLAYS LOVERING POCHIN & CO. LTD. 


HEAD OFFICE, MINES and MILLS at 
ST. AUSTELL CORNWALL - 


Offices also at London, Stoke, Manchester, Newcastle, Edinburgh, etc. 
Depots and Stores in many parts of the country. 


Telegrams : Universal, St. Austell. "Phone : 482 St. Austell. 
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NOTICES TO-AUTHORS OF PAPERS 


_1. All Scientific Communications for the. Journal should be addressed to “ The 
Secretaries, Chemical Society, Burlington House, W.1.” Papers to be read before a 
meeting of the Society are ted by the Secretaries. 


2. A paper is not normally considered for publication in the Journal unless at least 
one of the authors is a Fellow of the Society, but in exceptional circumstances the Council 
is prepared to consider papers submitted by non-Fellows. — 


3. An author must submit with every paper a signed form of declaration that to the 
best of his knowledge the paper does not contain any information that contravenes the 
Official Secrets Act. 


4. An author engaged in any Government Department or similar body associated with 
the prosecution of the war must submit with his paper a written declaration from such 
Department or body that he has received authority to submit the paper for consideration 
for publication in the Journal. 


5. All papers should be submitted in typescript in double-line spacing. Foot- 
notes in papers add considerably to the cost of printing; authors are requested, therefore, 
‘not to use them unless necessary. 


6. Every paper should be a by a short summary setting forth briefly and in 
simple language the objects of the investigation, the results obtained and their bearing 
on chemical knowledge in general. The summary should be such as to enable any chemist 
to obtain a clear idea of what the investigation has achieved and should normally be from 
50—250 words in length. 


7. If he desires to do so, an author may send with the paper, for consideration by the 
Publication Committee, a confidential report by a Chemist of standing to whom the paper 
has been submitted. 


8. The Publication Committee invites authors who publish series of related — in 
the Journal to submit, at suitable intervals, papers reviewing their previously published 
work (suspended during the war). 
9. The Society reserves the right to retain the Manuscript and illustrative drawings 
of all papers sent to it, and authors are therefore advised to keep copies. This right 
is not usually exercised in respect of illustrative drawings. When papers have been accepted 
for publication the authors are not at liberty, save by permission of the Council, to publish 
them elsewhere until such papers have appeared in the Journal of the Society. Papers 
which are retained by the Council after being judged unsuitable for publication in the 
Journal are deposited in the Archives of the Society. 

’ 10. Communications which have appeared in any other Journal shall not be published 
in the es of the Chemical Society unless this course is approved by a special vote of the 
Council. 

11. The address to which proofs are to be sent should be written on every paper. 


12. Authors resident overseas are requested to name agents in Britain to whom may be 
referred matters concerning their papers, including the correction of proofs, in order that 
delay in publication may be avoided, : 


13. Illustrations ype yay the papers must be carefully drawn, preferably twice 


the size of the finished block (max. width, 4} inches), in Indian ink, on smooth white Bristol 
board or paper. Any illustration which exceeds four times the size of the finished block 
will be returned to the author for re-drawing to a smaller scale. Lettering on the drawings, 
whether on the margin or in the body of the drawing, must not be in ink but must be in- 
serted lightly in blue pencil. Authors may, if they wih, submit in the first place clearly 
drawn pencil sketches instead of the completed diagrams, which, however, must be supplied 
before publication. Further information can be obtained from Dr. C. Smith, Staplefield 
Grange Farm, Haywards Heath, Sussex. 


14. If any Author requires more than the number of reprints (without wrappers) 
allowed by the Society, namely, 10 plus 10 extra for each author in excess of one, or y iran 
to receive his reprints in wrappers and is willing to pay the extra cost thereby involved, 
he should inform Dr. Smith at the time he sends in the corrected proof. Extra copies will 
be supplied at rates which can be obtained from the Editor. 
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alll - THE EXAMINATION OF WATERS & WATER SUPPLIES 


(THRESH, BEALE & SUCKLING) 
the MONTH 
| Fifth Edition. 


By E. V. SUCKLING, M.B., D.P.H., Consulting Analyst to various Water Authorities. 
63 Illustrations. 860 pages. 60s. 

The text has been revised throughout and many chapters, including those dealing with pollution and 
water-borne diseases, the“ bacteriology of waters, purification and treatment processes, have been 
rewritten and extended. ‘ 


CANNED FOODS: An Introduction _ By 7 


J. G. BAUMGARTNER 
Senior Bacteriologist to Messrs. 
Crosse & Blackwéll Ltd. 


Foreword by W. CLAYTON, D.Sc., Director of Canning, Ministry of Food, London. 


to their Microbiology 


By 
THE THEORY. OF EMULSIONS: W. CLAYTON, D.Sc., FIC. 
and their Technical Treatment Head of the Technical Develop- 
Fourth Edition. ment Dept., The Metal Box Co. 
103 Illustrations. 42s. \ Ltd. (pro tem at Ministry of Food) 


“‘ The book is of great practical value for the information it gives on the quality and behaviour of 
emulsions as well as for its excellent theoretical treatment.”—British Medical Journal. 


ALLEN’S COMMERCIAL ORGANIC ANALYSIS 


Written by Specialists and Edited by C. AINSWORTH MITCHELL, D.Sc., M.A., F.LC., with 
S. SADTLER, S.B., and E. C. LATHROP, A.B., Ph.D. In Ten Volumes. Fifth Edition. 36s. per Vol. 


EXPLOSIVES 


By ARTHUR MARSHALL, A.C.G.I., F.I.C., formerly Chemical Inspector, Indian Ordnance Depart- 
ment. Vol. I, History and Manufacture ; Vol. ll, Properties and Tests. Second Edition, with 157 
Ilustrations. 63s. Vol. Ill, Supplementary and Revisionary. 14 Illustrations. 42s. 


‘THE WAR GASES: Chemistry and Analysis 


By Dr. MARIO SARTORI. Translated from the Second Enlarged Italian Edition by L. W- 
ARRISON, B.Sc., A.I.C. 20 Illustrations and 15 Tables. 28s. 


SUTTON’S SYSTEMATIC HANDBOOK OF VOLUMETRIC 


ANALYSIS 
Twelfth Edition. Revised by A. D. MITCHELL, D.Sc., F.I.C., Scientific Assistant, University of 


London. 128 Illustrations. 35s. 
THE PLANT ALKALOIDS 


By THOMAS ANDERSON HENRY, D.Sc., Director, Wellcome Chemical Research Laboratories. 
ird Edition. 45s. 


THE CHEMICAL ANALYSIS OF FOODS 
By H. E. COX, Ph.D., D.Sc., F.I.C., Public Analyst for the Metropolitan Borough of Hampstead 
and County of Cornwall. Second Edition. 41 Illustrations. 2ls. 

ADULTERATION AND’ ANALYSIS OF FOODS AND 


DRUGS 


By J. F. LIVERSEEGE, F.1.C., Ph.C., formerly Public i the City of Birmingham. Foreword 
by the late Rt. Hon. NEVILLE.CHAMBERLAIN, M.P. 


104 GLOUCESTER PLACE LONDON 
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Crotonaldehyde 


SPECIFICATION 
AND PROPERTIES: Appearance 
Specific Gravity 
Solubility in Water 
Purity 


Pale yellow liquid of sharp odour 


About .865 @ 15/15° C. 


15% 
92% aldehyde (calculated as crotonaldehyde) 


SUGGESTED USES: x. Intermediate for manufacture of dyestuffs and rubber accelerators. 
2. Raw material for manufacture of crotonic acid and crotonic esters. 
3. As a condensing agent for synthetic resin manufacture. 


ENQUIRIES: BRITISH INDUSTRIAL SOLVENTS LTD. 
Welbeck House, Downs Side, Belmont, Surrey. Telephone : Vigilant 0133. 


LESSING CONTACT RINGS 
for packing 
Fractionating Columns 
Absorbers 

Catalyst Vessels 
Combustion Tubes 


MADE IN 
ALL METALS 
PORCELAIN 
CHEMICAL STONEWARE 
CARBON 


Sizes from }” x }” to 4” x 4” 


Tell us your problems 


_ 14 Gloucester Road 
London, S.W.7 


_ THE HYDRONYL SYNDICATE LTD. 


FOYLES 


BOOKSELLERS TO THE WORLD 
Large Department for Technical Books 


New and Secondhand Books on Chemistry 
and Every Other Subject. Stock of nearly 
3 million volumes. Books Bought. 
119-125 CHARING CROSS ROAD 
LONDON, W.C.2 
Open 9 a.m.—6 p.m. including Saturday. 
Telephone: GERrard 5660 (16 lines). 


L. LIGHT & Co. L™® 


WRAYSBURY 


JUST PUBLISHED LIST 
ORGANIC RESEARCH CHEMICALS 
PROMPT DELIVERY FROM STOCK 


PLEASE WRITE FOR COPY. 
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AMMONIUM NITRATE. 
secs 
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PUBLISHED 
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HOPKIN & WILLIAMS LTD. 
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TO AVOID SPATTERING USE 
VITREOSIL RADIANT HEATERS 


a chemical laboratory workers know the trouble and 

tion caused by spattering during evaporation, especially 
when solutions crystallise. Heating from below must be 
done slowly and even so decrepitation can hardly be avoided. 
With VITREOSIL radiant heaters the evaporation can be 
done more. quickly from the surface of the — with 


occas stirring to erusts. ert the 
wood as om electric be: tplate. 


THE THERMAL SYNDICATE LTD. 
Head Office and Works: Wallsend, Northumberiand 
London Depot: 12-14, Old Pye Street, Westminster, $.W.! 


SCIENTIF IC BOOKS 


Books on the Chemical and Allied Sciences supplied 
from stock, or obtained to order. 
Please state interests when writing. 
Foreign Books not in stock obtained under Licence. 
A wide selection of Second-hand Books may be seen at 140 Gower Street. 


H. K. LEWIS & Co. Ltd. 


136 GOWER STREET, LONDON, W.C.1 4 
Telegrams : * Publicavit, Westcent, London.’ Telephone: EUSton 4282 (5 lines). 


THE INSTITUTE OF CHEMISTRY OF GREAT BRITAIN 
AND IRELAND 


Founded 1877. Incorporated by Royal Charter, 1885. 

APPOINTMENTS REGISTER.—A Register of Chemists (Fellows, Associates and Senior Regis- 
tered Students) who are available for a tments, or who are seeking to improve their positions, 
is kept at the office of the Institute. e facilities afforded by this Register are — (free) to 
Companies and Firms ame» the services of Chemists, and to Universities, Colleges and Technical 
a ae of Chemistry and Technology. A List of Laboratory Assistants is also 

e 

Particulars of the Regulations and Examinations of the Institute can be obtained (free) on 

application to the Registrar. 
All communications to be addressed to— 


The Registrar, The Institute of Chemistry, 30, Russell Square, London, W.C.1 


HILDITCH’S 


The Industrial Chemistry of the FATS AND WAXES 
‘by. T. P. HILDITCH, D.Sc.(Lonb.), F.1.C. 
Second Edition. Pp. xii + 532. Price 25s. 
“This book remains an essential in the library of the industrial chemist.’’—Chemical Age. 


BAILLIERE, TINDALL & COX, 7 & 8 Henrietta St., LONDON, W.C.2 
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Regd. Trade Mark Brand | 


| GRADUATED, 
GLASSWARE} 


By specifying «« PYREX Brand” when 
ordering Graduated Glassware you 
are assured of obtaining strong 
serviceable glassware, with division 
lines and numerals etched clearly 
and precisely, for easy reading. 


NS 
=o 


For everyday laboratory work 
PYREX Brand Glassware is graduated 
to N. P.L. class B standard, but for 
more meticulous analysis or intricate 
research work, N.P.L. class A can 
be supplied at the appropriate 
extra costs. 


PYREX Brand Graduated Glass- 
ware is supplied only through 
Laboratory Furnishers, but 
illustrated catalogue and two 
free copies of our Chemist's 
Notebook will be sent direct on 
application to us. 


Ask for PYREX Brand 
and see that you get it.! 


JAMES A.JOBLING & CO,LTD 


WEAR GLASS WORKS 
SUNDERLAND 
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Alloxan 
Alloxantin 
Nicotinic acid 
Phenyl urea 
Selenourea 
_ Phenyl semicarbazide 
p-Phenetyl 


Sodium cyanate 
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CHEMICALS 


GENATOSAN LTD., LOUGHBOROUGH, LEICS. 
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FINE 


Urethane 
Urea 
Uric acid 
Allylamine 


Allyl thiourea 


Hydrazine salts: 
Hydrate, Sulphate, Nitrate, 
Hydrochloride 


2 MethyI-8-naphthathiazole 


(pure & tech.) Thiocarbonyl tetrachloride 
Thiophosgene Phloroglucinol 
Data and Quotations on request 
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that SOFNOL LTD., have over a period of many years 


accumulated a fund of highly specialised experience and 
knowledge? 


And ARE YOU INTERESTED TO KNOW that this wide 
experience has been collected, sifted, extended and finally 
published in booklet form, each booklet covering a special 
field of interest? 


Finally ARE YOU INTERESTED TO KNOW that these 
booklets are available, free of charge on application? Write 
_ now for those that concern you. Here is the complete list :— 


“CALCIUM HYDRATE” (M 1). Describing the properties 
_ of pure Calcium Hydrate as a standard alkali for chemical 
processes and water treatment. 

* CHEMISTRY OF WATER SOFTENING” (M2). A hand- 


p book for every Engineer and Chemist responsible for Water 
Softening. 


“WATER TESTING ”’ (M 3). On simplified methods of test- 
ing necessary for the control of the quality of water supplies. 


“SODA LIME” (M 4). Describes new grades of this reagent 
of increased absorptive capacity for all purposes. 


“SOFNOLITE’”? (M 5). A handbook for every analyst. 
Describes as economical, solid, gravimetric CO, absorbent. 


“INDICATORS ”’ (M 6). How modern indicators increase 
the accuracy of volumetric analysis. 


\ 


SOFNOL LTD. WESTCOMBE HILL, GREENWICH, S.E.10 
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WOUNDS, 
BURNS etc. 


HEAL RAPIDLY and 


WILL NOT TURN SEPTIC 
TREATED WITH 


OINTMENT 


Ke EC A U S f one or other or all of the three races of germs, Streptococci, Staphylococci, and 
+ B. pyocyaneus are found in every skin infection common to this country, and 
ANTIPEOL OINTMENT contains the antibodies (antivirus) of these germs. 
Healing is expedited by the proved ingredients of the ointment, and septic 
development is stopped or prevented by its antivirus sterile vaccine filtrates. 
ANTIPEOL OINTMENT is unsurpassed for BURNS and SCALDS, for it is 
microbicide and non-adhesive, and dressings do not require to be changed 
every day. 


RHINO-ANTIPEOL 


affords rapid relief of COMMON COLDS, INFLUENZA, AND CATARRH, 
Containing the antibodies of the germs common to infections of the nose and. 
pharynx (Staphylococci, Streptococci, B. pyocyaneus, pneumococci, pneumo- 
bacilli, enterococci, M. catarrhalis, B. Pfeiffer), Rhino-Antipeol is not just a 
palliative, but is a remover of the cause of the infection. During epidemics it 
is the ideal preventive of microbic development. 


OPHTHALMO-ANTIPEOL 


is a semi-fluid ointment, more convenient than the ordinary Antipeol ointment 
for ocular infections and lesions. Eyes affected by smoke and dust are soothed 
almost immediately by the application of Ophthalmo-Antipeol, and the 
antivirus prevents germis from developing. 


Clinical Samples on request from 
MEDICO-BIOLOGICAL LABORATORIES LTD. 
CARGREEN ROAD, SOUTH NORWOOD, LONDON, S.E.25 
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SCIENTIFIC GLASSWARE 


safety 


in research work! 


Ask for PYREX Brand and see that you get it! 


A. Jobling & Co.-Ltd. 


SUNDERLAND. 


The numerous tests and 
experiments carried out 
by the research chemist 
and the scientist de- 
mand glassware of 
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[1943] and a Gallium Perchlorate-Urea Complex. 


was dissolved in the minimum quantity of hot water and set aside to crystallise over sulphuric acid in a vacuum desiccator. 
Since gallium perchlorate solutions supersaturate very easily, the liquid was seeded from time to time. 

Large, transparent, monoclinic crystals, several cm. long, were grown in this manner. The crystals were exceedingly 
soluble in water, and deliquescent; they liquefied completely’ after exposure to the air for a few minutes. They were 
also very soluble in alcohol, acetone, benzene, xylene, and light petroleums, but less soluble in ether. Hence, removal 
of the adhering mother-liquor and subsequent drying was best effected by centrifuging the crystals, washing them once 
with ice-water and once with ether, and exhausting them in a vacuum desiccator. They were then transferred to a 
weighing bottle and kept over sulphuric acid, being weighed at fixed intervals. In the course of a few hours, the rate 
of loss in weight had fallen to a low and constant value, indicating that all mechanically held water had been removed. 
It was necessary to confirm this because indium perchlorate is said to form an octahydrate (Mathers and Schleuderberg, 
loc. cit.) and gallium perchlorate a hydrate with 9$H,O (Foster, Joc. cit.), so in later work drying was effected over gallium 
perchlorate hexahydrate. 

A similar product was obtained by dissolving freshly precipitated gallium hydroxide in a small excess of | cae 
acid, but this was a much more tedious process because of the bulky and gelatinous nature of gallium hydroxide 

To determine the exact composition, gallium was precipitated with cupferron (Moser and Brukl, Monatsh., 1929, §1, 
327) and with sodium carbonate at pH 5. Both sasthoat gave identical results. Perchlorate was estimated by several 
methods; precipitation of nitron perchlorate (Loebich and Fichter, Z. anal. Chem., 1926, 68, 34, 298) and precipitation 
of potassium perchlorate (Arndt.and Nachtwey, Ber., 1926, 59, 446, 1072) gave variable and uncertain results. Con- 
clusive results were obtained by conversion into chloride and weighing as silver chloride (Winteler, Chem. Zitg., 1897, 21, 
75; Mathers and Schleuderberg, Joc. cit.) [Found: Ga, 13-16; ClO,, 56-5; Cl, 19-98. Ga(ClO,);,9H,O requires Ga, 
13°15; C1O,, 56-28; Cl, 20-06%]. 

Thermal decomposition. A weighed — of the hydrate (0-1 g.) was strongly ignited i in a Pyrex tube closed at one 
end, and the volatile products were collected in a gas-measuring burette over mercury. After removal of chlorine by 
combination with the mercury, the volume of oxygen remaining (25-8 ml.) agreed fairly well with the theoretical value 
(24-2 ml.) required for decomposition according to the equation 4Ga(C10,)3;,9H,O —->2Ga,0, + 36H,O + 6Cl, + 240). 
That no volatile gallium compounds were lost was shown by igniting weighed portions to constant weight : theoretical 
yields of oxide were obtained [Found : Ga,Og, 17-85, 17-68. Ga(ClO,)3,9H,O requires Ga,O,, 17-67%]. 

A number of experiments were made in which the nonahydrate was maintained at fixed temperatures and the loss in 
weight determined at intervals. At 100°, the rate of loss in weight was rapid, reaching a constant value (10-6%) after a 
few days (Calc. for loss of 3H,O: 10- 2%), At higher temperatures there was the same initial rapid loss, followed by 
slower and continuously diminishing rate of loss. On plotting the loss in weight against time, there was no evidence 
of the formation of lower hydrates of constant vapour pressure. At 115° the loss had reached 32% after 20 days and was 
still rising. At 125° the loss was 71% after 5 days and 74% after 20 days, the rate of loss after 12 days: being very low. 
This indicates the possible formation of a stable basic perchlorate, 3Ga,0;,Ga(ClO,);. Foster (loc. cit.) also describes 
this compound as a possible decomposition product. 

Gallium Perchlorate Hexahydrate.—This substance was readily obtained by dehydrating the powdered nonahydrate 
over su —— acid or phosphoric oxide ina vacuum. One-third of the water of hydration was removed in the course of a 
day, and the product maintained its weight almost unchanged for over a week when kept over sulphuric acid. The same 
product was obtained by dehydration at 100°. Finally, it was obtained by crystallisation from solutions containing 
considerable amounts of perchloric acid; thus prepared, it formed a mass of small, white, deliquescent crystals’ which 
were very soluble in water, benzene, alcohol, and acetone. They were analysed by the methods described above [Found : 
Ga, 14-60; ClO,, 62-5. Calc. for Ga(ClO,)3,6H,O : Ga, 14-64; ClO,, 62-66%). 

The water of hydration in this hydrate is very strongly co-ordinated. The substance has a very low aqueous va 
pressure as shown by the fact that, on confinement over phosphoric oxide for 6 weeks, it lost less than one-tenth o 
total water of hydration. Also, on heating above 100°, it undergoes decomposition to basic perchlorates of indefinite 
composition. 

enaveadtiien Perchlorate, {Ga(CON,H,),](ClO,);.— Willard and Fogg (loc. cit.) have shown that gallium hydroxide 
is precipitated when aqueous solutions of gallium salts are treated with urea. Hence, any attempts to prepare co-ordin- 
ation compounds with urea must be carried out in non-aqueous solvents. Alcoholic solutions of gallium perchlorate 
nonahydrate (1 mol.) and urea (6 mols.) were mixed and evaporated gently to crystallisation. One recrystallisation 
from warm alcohol yielded bundles of small, colourless needles, melting sharply at 179° and quite stable in air. The 
substance was readily soluble in water, but with obvious decomposition; cold solutions were opalescent, and on warming 
they coagulated, yielding gelatinous gallium hydroxide. The crystals decomposed with violence when strongly heated. 
Hence, for the estimation of gallium, the substance was decomposed by evaporation with concentrated nitric acid and 
finall Nitrogen was estimated by the usual Kjeldahl method {Found: Ga, 9-6; Cl, 14-75; N, 23-01. 
[Ga(CON HL ci(ClO,), requires Ga, 9-6; Cl, 14-6; N, 23-05%}. 

Attempts were made to prepare similar co-ordination compounds with pyridine and thiourea. When alcoholic or 
ethereal solutions of gallium perchlorate and pyridine were mixed, a white, crystalline precipitate was formed. Its 
composition, however, varied according to the conditions of precipitation, and it was eventually shown to be a mixture 
. Of pyridine perchlorate arid gallium hydroxide. The proportion of gallium hydroxide was greater when 96% alcohol 

was used instead of absolute alcohol, and it was never possible to obtain a b pearap free from gallium hydroxide because a 
small amount of water was inevitably introduced with the perchlorate. It was evident that it would not be possible to 
prepare a co-ordination compound except in a strictly non-aqueous medium. Attempts to prepare a pyridine complex 
‘by using the urea complex in absolute alcohol and ether were also unsuccessful. 

As thiourea is an even weaker base than urea, it should be less liable to precipitate gallium hydroxide in aqueous- 
alcoholic solution and might be expected to co-ordinate as easily as urea, but all attempts to prepare co-ordination 
compounds failed. Both potentiometric and conductometric titrations of gallium perchlorate in alcohol with alcoholic 
thiourea gave definite indications that a compound with 6 mols. of thiourea i is formed in solution. 


Acknowledgment is made of a Scholarship from the National Research Grant Board and Council (S.A.) which enabled 
one of us (D. J. L. ) to participate in the work described in this and the preceding paper. 
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5-Acetamidosaccharin, a Derivative of Suilphanilamide. 


28. 5-Acetamidosaccharin, a Derivative of Sulphanilamide. 
By O. G. BACKEBERG and J. L. C. Marais. 


Aceto-m-toluidide is converted by the action of chlorosulphonic acid into aceto-m-toluidide-6-sulphony] 
chloride (IV), which forms the corresponding sulphonamide (VII) with ammonia. _This compound is oxidised by 
potassium permanganate to 5-acetamidosaccharin (VIII), which may be regarded as a derivative of sulphanil- 
amide. Attempts to deacetylate this compound formed a syrup from which a crystalline product could not 
be obtained. 


Ow1nc to the non-toxic nature of saccharin (I) (Meyer and Jacobson, ‘“‘ Lehrbuch der Organischen Chemie,”’ 
Vol. II, Part 1, p. 572), and to the presence in it of the group SO,"NH, it appeared of interest to attempt the 
preparation of 5-aminosaccharin (II), in which the amino-group is para to the sulphonamido-group, and which 
may therefore be regarded as a derivative of sulphanilamide (III); the compound (II) may also be regarded 
as an N}-aroyl derivative of sulphanilamide, and as such might be expected to exhibit activity, according to the 
results of Dewing, Gray, Platt, and Stephenson (J., 1942, 239). . 


7 F 
(I.) 


a)... (III) 


By the action of chlorosulphonic acid, aceto-m-toluidide was converted into aceto-m-toluidide-6-sulphony- 
chloride (IV). It was important to establish the constitution of this compound unambiguously, other 
possibilities being that it might be the 2- or the 4-isomer (V or VI). ak ok 


SO,Cl 


SO,Cl clo, SO,"NH, 
(IV.) (V.) (V1.) (VIL) 

R=NHAc 


The constitution of the sulphony] chloride was established as follows : Treatment with ammonia yielded the 

sulphonamide (VII), which was deacetylated, diazotised, and converted into the corresponding cresol, and this 
on methylation formed 3-methoxy-6-sulphonamidotoluene (VII, R = OMe), m. p. 128°, identical with the 
compound prepared according to Haworth and Lapworth (J., 1923, 123, 2988). 
- That chlorosulphonic acid would react in the position indicated appeared probable from the fact that 
concentrated sulphuric acid forms m-toluidine-6-sulphonic acid with m-toluidine (Shah, Bhatt, and Kanga, 
J., 1934, 2010); these authors established the constitution of their product by converting it into a number of 
known compounds, including the above methoxy-derivative; they also stated that the acid formed a tribromo- 
derivative, m.p.101°. Hydrolysis of the sulphonyl chloride (IV), followed by deacetylation, gave a m-toluidine- 
sulphonic acid which formed a tribromo-derivative, m. p. 101°, identical with the above compound, which, 
however, proved to be 2 : 4 : 6-tribromo-m-toluidine, and was therefore of no value in establishing the constitu- 
tion of the sulphonic acid (compare Limpricht, Ber., 1874, 7, 449). 

Oxidation of aceto-m-toluidine-6-sulphonamide (VII) with potassium permanganate formed 5-acetamido- 
saccharin (VIII). Deacetylation of this compound formed a syrup from which a crystalline product could not be 
obtained. The investigation of related compounds is proceeding. 


: _ EXPERIMENTAL. 
Aceto-m-toluidide-6-sulphonamide (VII).—74-5 G. of aceto-m-toluidide were melted and cooled in ice-water with 


shaking; 290 g. of chlorosulphonic acid, previously cooled in ice, were added in several portions. The flask was fitted ° 


with a calcium chloride tube and gradually warmed on a water-bath; the reaction was complete after about an hour. 
The syrupy product was poured on ice with vigorous stirring. The sulphonyl chloride (IV) separated as a gummy solid, 
which was washed by decantation, stirred with ice-water, and treated with an excess of concentrated aqueous ammonia. 
The sulphonamide, obtained as a granular solid (55 g.) after 12 hours, crystallised from hot water (charcoal) in colourless 
silky needles, m. p. 204° (Found: N, 12-3. C,H,,0,N,S requires N, 12-3%). On bromination in acetic acid solution, 
or on addition of alkaline hypobromite to its solation in sodium hydroxide and acidification, it formed 4(?)-bromoaceto- 
m_-toluidide-6-sulphonamide, small colourless needles from dilute acetic acid, m. p. 262° (Found : C, 35-3; H, 3-45; N, 8-8. 
C,H,,O,N,BrS requires C, 35:2; H, 3-6; N,.9-1%). Deacetylation of this bromo-derivative by refluxing for 30 minutes 
with 10% sodium hydroxide solution gave 4(?)-bromo-m-toluidine-6-sulphonamide, colourless plates from dilute acetic 
acid, m. p. 185° (Found: C, 31-5; H, 3-5; .N, 10-4. C,H,O,N,BrS requires C, 31-7; H, 3-4; N, 10-6%). 

When the sulphonyl chloride (IV) was refluxed with 10% sodium hydroxide solution for 2 hours, and the solution 
acidified, m-toluidine-6-sulphonic acid, which chars above 300” without melting, was obtained. Addition of bromine 
water to its aqueous solution formed 2 : 4 : 6-tribromo-m-toluidine, m. p. 101°, identical with the compound prepared 
according to Shah, Bhatt, and Kanga (loc. cit.) and with the product from the bromination of m-toluidine (Wroblewski, 
Annalen, 1873, 168, 195, who gave the m. p. as 97°) (Found: N, 4-15. Calc. for C,H,NBr,: N, 4:1%). 

Treatment of the sulphonyl chloride (IV) in ether with aniline (2 mols.) gave after 12 hours a gummy product after 
removal of the ether, which was dissolved in hot dilute acetic acid (charcoal). Aceto-m-toluidide-6-sulphonanilide 


crystallised in colourless plates, m. P: 155° (Found : .C, 58-95; H, 4-9. C,;H,,0,;N,S requires C, 59-2; H, 5-25%). " 


m-Toluidine-6-sulphonamide (VII, R = NH,), obtained by refluxing the compound (VII) with 10% sodium hydroxide 
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[1943] Notes. 


solution for 30 minutes and acidifying the product, formed colourless plates from hot water, m. p. 172° (Found: N, 
15-0. C,H,0,N,S requires 15-05%). Bromination of its solution in hydrochloric acid formed 2: 4(?)-dibromo- 
m-toluidine-6-sulphonamide, small colourless needles from dilute alcohol or dilute acetic acid, m. p. 198° (Found: C, 
24-55; H, 2-25; N, 7-95. C,H,O,N,Br,S requires C, 24-4; H, 2-3; N, 8-1%). On benzoylation, m-toluidine-6-sulphon- 
amide formed benzo-m-toluidide-6-sulphonamide (VII, R = NHBr), small colourless needles from dilute pyridine, m. p. 
265°. This was also obtained in good yield from the action of chlorosulphonic acid on benzo-m-toluidide (by the 
rocedure described above), followed by the action of ammonia on the gummy sulphonyl chloride (Found: C, 58-1; 

4-85. C,,H,,0,N,S C, 57-9; H, 48%). 

m-Cresol-6-sulphonamide (VII, R = OH).—5 G. of the 3-amino-compound were dissolved in methyl alcohol, 3 c.c. 
of concentratec sulphuric acid added, the solution cooled in ice, and methyl nitrite (Slater, J., 1920, 117, 588) passed 
into it. After a short time the diazonium sulphate suddenly crystallised; it was collected and dissolved in 100 c.c. of 
water, and the solution heated to boiling during an hour and then kept in the ice-chest overnight. . The product (4-2 g.) © 
crystallised well from hot water. (charcoal) in stout colourless prisms, m. p. 207° (Found: N, 7-6. C,H,O,NS requires 
N, 75%). The m-cresol-6-sulphonamide was readily methylated by sodium hydroxide and methyl sulphate; the 
product (yield, almost quantitative) crystallised from hot water in stout colourless prisms, m. p. and mixed m. p. 128° 
(Found: N, 6-95. Calc. forC,H,,O,NS: N, 7-0%). ‘ 

5-Acetamido-o-benzoicsulphinide (5-Acetamidosacc. havin) (VIII).—10 G. of aceto-m-toluidide-6-sulphonamide were 
dissolved in 1600 c.c. of hot water, 14 g. of potassium permanganate added, the solution stirred mechanically, and the 
temperature kept at 85°, water being added from time to time to keep the volume constant. The oxidation was complete 
inabout 3 hours, as indicated by the disa ce of the colour of the pemeognsts, The hot solution was filtered 
by. suction and left in thei ce-chest overnight. 4-5 G. of unchanged sulphonamide had crystallised; this was removed 
and the filtrate made faintly acid with acetic acid and evaporated on the water-bath to about 100 c.c.; on cooling, a small 
quantity of unchanged sulphonamide separated, which was filtered off. 2 C.c. of concentrated hydrochloric acid were 
added, and the solution left in the ice-chest overnight. 2 G. of a solid ated, which crystallised from dilute alcohol 
in pale yellow prisms, m. p. 299° (Found : C, 45-0; H, 3-5; N, 11-7. C,H,O,N,S requires C, 45-0; H, 3-3; N, 11-7%). 


The authors thank Prof. Stephen for his interest in the investigation, and one of them (O. G. B.) thanks the South 
African National Research Council and Board for a grant which partly defrayed the cgst of materials. 
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NOTES. 
Cuprous Cyanide: A Note on its Preparation and Use. By H. J. Barer. 
In these laboratories, where a considerable number of aromatic nitriles have been by the Sandmeyer reaction, 


using cuprocyanide solutions (J., 1942, 103), we have simplified the technique of ‘‘ Organic Syntheses ”’ (Coll. Vol. I—X, 
p. 500). According to that, one prepares a suspension of cuprous chloride, washes it by decantation, and dissolves it in 
alkali cyanide. This has the disadvantages that-the cuprocyanide solution may vary in concentration, contains chloride 
ions, and cannot conveniently be stored ready for use. Our practice is to prepare in bulk solid cuprous cyanide, which 
_ may be kept indefinitely and merely has to be weighed out and dissolved in alkali cyanide as required. 

The method given for the rag of cuprous cyanide in text-books and other literature (e.g., =. cit., p. 38) is 
according to the equation: 2CuSO, + 4NaCN = 2CuCN + 2Na,SO, + (CN) , with the objectionable evolution of 
cyanogen. An excellent preparative method is afforded by the reaction CuSO, + 2NaCN + NaHSO, + H,O = 
2CuCN + 3NaHSOQ,. The product so obtained is much lighter in colour and gives almost colourless cuprocyanide 
solutions, in contrast to the dark solutions from the older meth®d. 

Ex eg ser tc sulphate (commercial resp mpeemet 1 kg.) is dissolved in water (3-2 1.) at 40—50°. Sodium 
bisulphite (commercial powder; 280 g.) is dissol in water (800 c.c.) at 50—60° and potassium cyanide (95% w/w, 
“ grey single salt ’’; 280 g.) in water (800 c.c.) at 50—80°. Each solution is filtered and, all-being at 60°, the bisulphite 
solution is run with stirring during 1—2 mins. into the copper solution (acidified faintly to Congo-red), followed 
immediately by the cyanide sdlution. There is slight frothing and a little sulphur dioxide is evolved, but no appreciable 
amount of cyanogen or hydrogen cyanide. After about 10 mins. the hot solution is filtered, and the product washed 
thoroughly with boiling water, then with alcohol. It is dried at 100° to a finé soft powder; yield, almost quantitative 
(Found: Cu, 70-0. Calc.: Cu, 70-97%).—May & Baker, LimitED, DaGENHAM. [Received, October 16th, 1942] 


The Action of Phosphoric Oxide on Phenyl Esters. The Mechanism of the Fries Reaction. By ALEXANDER SCHONBERG 
and (Miss) AKILA MustTaFa. 

_ EXpLaNnations of the Fries reaction have been advanced by Skraup and Poller (Ber., 1924, 57, 2033), Auwers and Mauss 

(Ber., 1928, 61, 1495; Annalen, 1928, 464, 293), and Rosenmund and Schnurr (Amnalen, 1928, 40, 56, 88). That of the 
last-mentioned authors is illustrated below in the case of phenyl acetate : tert 


2Pno-co-cH, + (1) . 2cH,-co-c,H,OH 


It is a weak point in their theory that the intermediate product (I) has never been isolated, at least as far as we can, 

We replaced the aluminium chloride (or analogous halogen compound; see Auwers, Pétz, and Noll, Annalen, 1938, 
535, 228) by phosphoric oxide and isolated the intermediate products (as I) in the cases of phenyl, m-tolyl, and a-naphthyl 
benzoates; this we regatd as supporting Rosenmund and Schnurr’s view. The yield obtained from phenyl benzoate 
was about 60%. The phenol formed in the reaction was converted by the Pomme oxide into phenyl phosphates 
(cf. Rembold, Z. Chem., 1866, 652; Genvresse, Compt. rend., 1898, 127, 522), from which it was recovered by hydrolysis 


and identified as tribromophenol. 

In the ordinary Fries reaction with aluminium chloride or analogous halogen compound, low temperatures favour 
the formation of the p-isomer, high temperatures that of the o-isomer (Blatt, Chem. Reviews, 1940, 27, 417). We tried 
to get the o-hydroxy-ketones by using a oxide at high temperatures, but failed because the substances charred. 

The Action of Phosphoric Oxide on 


henyl, m-Tolyl, and a-Naphthyl Benzoates.—A solution of phenyl benzoate (5 g.) 
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in nitrobenzene (75 c.c.) was mechanically stirred while being heated under reflux (calcium chloride guard-tube) with 
phosphoric oxide at 150° for 3 hours. The mixture was then allowed to cool, poured into ice-cold water, and shaken with 
ether (250 c.c.). The ethereal layer was separated from the aqueous layer (A), washed with 10% sodium hydroxide 
solution (3 x 75 c.c.), and dried. The ether was evaporated, and the nitrobenzene distilled ina vacuum. The residual 
brown oil solidified on cooling; it crystallised from alcohol in colourless plates of p-benzoylphenyl benzoate, m. p. and 
mixed m. p. 113—114° (Found: C, 79-0; H, 4-7. Calc.: C, 79-5; H, 4-7%). The aqueous layer (A) yielded phenol 
(identified as tribromophenol, 0-5 g.) only after being boiled with alkali for 2 hours and acidified. 

A similar experiment with m-tolyl benzoate yielded 6-benzoyl-m-tolyl benzoate, m. p. 104°, not depressed by an 
authentic specimen (Bartolotti, Gazzetta, 1900, 30, ii, 225) (Found: C, 80-0; H, 4:7. Calc.: C, 79-8; H, 5-0%). 

The product from a-naphthyl benzoate was 4-benzoyl-a-naphthyl benzoate, because after alkaline hydrolysis we 
obtained 4-benzoyl-a-naphthol, m. p. 164° (cf. Scholl and Scheer, Annalen, 1912, 394, 152), which gives a methyl 
derivative, m. p. 82°.—Fouap I UNIversity, Catro. [Received, November 16th, 1942.] 


29. The Kinetics of the Aqueous Hydrolysis of Sodiwm Phenylbromoacetate and 
Sodium Phenylchloroacetate. 


By W. R. Butcraic and (the late) H. M. Dawson. 


The kinetics of the aqueous hydrolysis of the phenylbromoacetate ion have been investigated over a wide 
range of conditions at 25°. It is shown that the hydrolysis is unaffected by excess of alkali or by the products, 
and that the reaction is accurately unimolecular in presence of excess of alkali. Equations are derived for the 
expected deviation from the unimolecular equation in neutral solution. Evidence of the formation of inter- 
mediate compounds in weakly alkaline and in neutral solutions is given, and the mechanism of the hydrolysis is 
discussed. A reaction between silver nitrate and sodium phenylbromoacetate was found to be autocatalytic. 
The hydrolysis of the phenylpromoacetate ion was also studied at 0°, and the energy of activation calculated. 
The hydrolysis of the phenylchloroacetate ion was studied briefly, similar results being obtained. 


Tue hydrolysis of sodium phenylbromoacetate was first studied by McKenzie and Walker (J., 1915, 107, 1685), 
the first kinetic measurements being made by Senter and Tucker (J., 1916, 109, 690). The latter showed that the 
rate of hydrolysis of the neutral salt did not conform accurately to a unimolecular equation, that it was not 
appreciably increased by the presence of excess of alkali, remaining unimolecular throughout since acid could 
not accumulate, and that it was independent of the amount of alkali present, but the results are not sufficiently 
accurate to allow critical examination of this point. Phenylbromoacetic acid was hydrolysed much more 
slowly than the sodium salt, and addition of hydrobromic acid made its hydrolysis still slower. Young and 
Olson (J. Amer. Chem. Soc., 1936, 58, 1157) studied the action of halide ions on phenylbromoacetic acid by a 
polarimetric method, and postulated a lactone mechanism for the hydrolysis. is 

Dawson and Dyson (J., 1933, 49, 1133) showed that the hydrolysis of sodium bromoacetate and bromoacetic 
acid could be elucidated by adopting standard salt conditions and measuring initial velocities of reaction, thus 
eliminating the effects of varying salt concentration and the interference of reaction products. It was decided ~ 
to apply similar methods to a study of phenylbromoacetic acid and its sodium salt, in view of the use of this 
acid in experiments on the Walden inversion, and the interest attaching to reaction mechanism and the 
effects of substitution on reaction velocity. e 

Method of Analysis.—Preliminary experiments with sodium phenylbromoacetate, the reaction being 
followed by estimation of the resulting bromide with standard silver nitrate solution, gave irreproducible 
results and corresponded to abnormally high rates of reaction. This was found to be due to a reaction between 
silver nitrate and phenylbromoacetate ions during the titration of bromide, even. in presence of considerable 
amounts of nitric acid. The kinetics of this reaction were studied directly, and will be described elsewhere. 
It was found that a heterogeneous autocatalytic reaction occurs between silver ions and phenylbromoacetate 
ions, taking place on the surface of the precipitated silver bromide, which therefore catalyses the reaction. 
It is thus very similar to that of the «-bromopropionate ion (Senter, J., 1910, 97, 346; Kappanna, Proc. Ind. 
Acad. Sci., 1935, 2, 512), but is comsiderably faster and does not appear to have been noted before. No reaction 
was found between undissociated phenylbromoacetic acid and silver ions, and as the dissociation constant of the 
acid is about 0-004, the reaction of silver ions on phenylbromoacetate ions is reduced considerably by the 
addition of nitric acid, and by adoption of a special method was eliminated during the titration of bromide. 
The hydrolysis was also followed by estimation of the acid formed in the reaction, by titration of the excess 
alkali present, or by direct titration of acid formed in the case of solutions initially neutral. 

At 25°, since the unimolecular velocity coefficients for the hydrolysis of the phenylbromoacetate ion are of 
-the order of 0-02 min,-!, it is impossible to measure the initial velocity as in the case of bromoacetate (Dawson 
and Dyson, loc. cit.), and the whole course of the reaction was therefore studied. In presence of excess of 
alkali the hydrolysis is clearly unimolecular. ; 4 

Unimolecular coefficients were obtained graphically by plotting log,,(@ — +) against time, and are normally 
based on the first 80% of the reaction. All concentrations are in g.-mols. /l., time is.in minutes, and experiments 
are at 25° unless otherwise stated; a is the initial concentration of sodium phenylbromoacetate, and x the 
concentration of reaction products at time ?. 

EXPERIMENTAL. 


The special method of titration of bromide was as follows. The sample of the reaction mixture from the thermostat 
at 25°, containing phenylbromoacetate and bromide, was run into 100 c.c. of 6N-nitric acid in a conical flask at about 
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—10°, containing slightly more than the amount of silver nitrate needed to precipitate all the bromide. The flask was 
shaken to assist coagulation of precipitated silver bromide, and the excess.silver nitrate back-titrated rapidly with 
standard potassium thiocyanate solution, with ferric indicator; with these precautions reproducible results were obtained. 

(a) Hydrolysis in Excess of Alkali.—The concentration of sodium phenylbromoacetate was varied from 0-30 to 0-01, 
and the total salt concentration was maintained at 1-0 mol./l. by addition of sodium nitrate. Two series of experiments 
were made, with solutions containing severally 2a and a mols. of excess alkali per 1. In both series the reaction, when 
followed by titration of bromide formed, is accurately unimolecular, as shown in Table II, and the following coefficients 
(kur) were obtained from bromide estimations. 


aCHPhBrCO,Na +.2aNaOH + (1—3a)NaNO,. aCHPhBr-CO,Na + aNaOH + (1—2a)NaNO,. 
0:30 0-10 0-050 0-025 0-010 030 010 0-050 0-025 0-010 .. 
aeasee 0-0205 0-0209 0-0209 0-0207 0-0205 0-0207 0-0209 0-0211 0-0207 0-0266 


The same series were repeated, the reaction being followed, however, by titration of acid. The results are recorded 
below. For the series containing 2a mols. /l. of excess alkali the results are in good agreement, but in that with half this 
excess certain small differences were noted, and the acid formation was found to deviate from the unimolecular equation 


in the late stages of the reaction, icularly when a is small. The coeffigients for the latter series therefore only apply 
to the first 50% of the reaction, during which k is constant. 
aCHPhBr‘CO,Na + 2aNaOH + (1—3a)NaNO,. ,@CHPhBr’CO,Na + aNaOH + (1—2a)NaNO,,. 
0-30 0-10 0-050 0-025 0-010 0-30 0-10 0-050 0-010 
00208 0-0206 0-0206 0-0200 0-0193 0-0208 0-0202 0-0196 0-0195 0-0191 


The differences between kg; and kg are therefore negligible in presence of appreciable concentrations of excess alkali. 
More information was obtained in neutral solutions (see below) of the differences between the bromide and the acid 
titration results. 

The rate of hydrolysis of the phenylbromoacetate ion was next studied in presence of various concentrations of sodium 
nitrate; this has a simple salt effect on the velocity, and the rate, either for bromide or for acid formation, remains 
strictly unimolecular (see Table I). 


TABLE I, 
0°025CHPhBr-CO,Na + 0°050NaOH + bNaNO,. 
Nil 0-425 0-925 1-425 1-925 
0-0180 0-0195 0-0207 0-0225 0-0242 


0-0181 0-0192 0-0200 0-0217 0-0229 


This indicates that (i) the primary salt effect of sodium nitrate on the unimolecular ionisation of bromine is linear up to 
an ionic strength of » = 2-0, (ii) in absence of sodium nitrate the rates of bromide and acid formation are identical, and 
(iii) the differences between Ap, and kg increase with increasing concentration of sodium nitrate. 

Late stages of hydrolysis in excess of alkali. If in certain cases the rate of acid formation is less than that of bromide 
formation, as, ¢.g., if an intermediate compound is formed during the hydrolysis, then the late stages of the hydrolysis 
should show that bromide formation reaches completion while the acidity is still incomplete. To investigate this, a 
dilute solution with one equiv. of excess alkali present initially was studied right through to 100% reaction. The rate 
of bromide formation is strictly unimolecular throughout and is virtually complete after'300 mins. At this time there is 
still 7% of the original concentration of 0-010m-alkali present (see Table III), indicating that only 93% of the theoretical 
amount of mandelic acid has been formed. The concentration of acid increases slowly and is only complete after 2000 
mins., showing that any intermediate compounds are then fully decomposed. , 


TABLE II. 
0-025CHPhBr-CO,Na + 0-050NaOH + 0-925NaNO,. (Bromide estimation.) 
-* 10 15 20 27 35 43 55 70 85 100, 
(a—z) x 105 ... 2500 2033 ° 1837 1656 1432 1219 1022 809 589 439 324 
207 208 206 206 205, 208 205 207 205 204 
TABLE III. 
0-010CHPhBr-CO,Na + 0-010NaOH + 0-98NaNO,. 
[Br’] [Br’ H’ — (H’) 


717 46 
809 

15 266 255 ll 200 980 904 76 

20 337 322 15 400 1000 940 60 

27 426 408 _ 18 1000 1000 968 32 

35 520 - 496 24 2100 1000 991 9 


1000 


Temperature coefficient of hydrolysis. In view of the-interest attached to the influence of substitution on reaction 
velocity, the hydrolysis of the phenylbromoacetate ion was studied at 0°, in order to obtain the energy of activation. 
The & iment was carried out in a thermostat containing water and glycol at 0°, and the solution used was 
0-025C hare tion. pi + 0-050NaOH + 0-925NaNO,, which has a unimolecular coefficient of 00207 at 25°, The 
reaction was found to be accurately unimolecular, with a coefficient of 2-36 x 10-*. The reaction velocity being assumed 
to obey the Arrhenius equation, the energy of activation is 29,130 cals. The results of Dawson and Dyson (J., 1933, 49) 
and Dawson and Pycock (J., 1934, 778) show that for bromoacetate and water the unimolecular coefficient is 3-2 x 10* 
at 26° and 4:0 x 10-* at 45°, whence E = 24,830 cals. Hence the great increase in velocity on substitution of the 
pheny! group into the bromoacetate ion is not due to a decrease in the Arrhenius energy of activation. 
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Hydrolysis of phenylchloroacetate. A number of experiments was made with sodium phenylchloroacetate for com- 
parison purposes. The hydrolysis was followed by two methods, titration of the chloride by the Volhard method as 
modified by Rothmund and Burgstaller (Z. anorg. Chem., 1909, 68, 330), and titration of the acid formed. The hydrolysis 
of a solution containing 0-025CHPhCI-CO,Na + 0-050NaOH + 0-925NaNO, was found to be accurately unimolecular, 
coefficients being 0-00167 by chloride estimation and 0-00169 by acid estimation. At 0° the coefficient was 1-75 x 10-5; 
hence E = 29,680 cals. In absence of sodium nitrate, the coefficients for the same reaction at 25° were 0-00134 for 


chloride formation and 0-00136 for acid formation. 

(b) Hydrolysis in Neutral Solution.—In neutral solution the mandelic acid produced sets up an equilibrium with the 
phenylbromoacetate present: CHPh(OH)-CO,H + CHPhBr-CO,’ = CHPh(OH):CO,’ + CHPhBr-CO,H. The undis- 
sociated phenylbromoacetic acid is inert relative to the hydrolysis of the ion; therefore the rate of hydrolysis 
becomes slower as more mandelic acid is formed, and the reaction cannot conform to the “yp unimolecular equation. 
The extent to which it deviates depends on the above equilibrium, and the concentration of phenylbromoacetate ions 
present at any stage can be calculated if the dissociation constants of the two acids are known. It is therefore possible 
to obtain an equation which will give the kinetics of the hydrolysis in neutral solution. For mandelic acid K = 0-00043 
at 25° (Landolt—Bérnstein). For am ger er ee acid the only value known is 0-0035 (given by Senter), owing to the 
difficulty of determining it in a solution which is hydrolysing rapidly. From the above equilibrium, if K, and K, are 
the above values of K, respectively, : 

_ K’= [CHPh(OH)-CO,H] [CHPhBr-CO,’}[H"] _ K,_ 0-0035 _ 8-0 

Let ¥ = concentration of reaction products at time ¢, and y = that of undissociated phenylbromoacetic acid present ; 
then the concerttrations of phenylbromoacetate ions, mandelate ions, and undissociated mandelic acid are respectively 
(a —* —y), y, and (¥ — y). Substitution in the above equation for K’ gives 


K’ = (* — y)(a — * — y)/y* = 8-0 and y = [— a + Va* + 28(ax — #*))/14 
This cannot be incorporated in the velocity equation directly, owing to integration difficulties ; hence an approximation 
was made as follows : 
y = + V@ = /14 = + (a + 14e){1 — + 
Expansion of the surd to three terms and rearrangement then give, as a first approximation, 
y = (a*% + 6ax* 7-225) /(a? + 14az) 
whence [CHPhBr-CO,’] = a — * — y = (a* + 12a2x — 20ax* + 7-224) /(a* + 14ax) 
The rate equation for the formation of bromide is 
dx/d¢ = k{(CHPhBr-CO,’] = k(a — * — y) 


ad + l4ax 
n= | dx 


therefore + 12a%% — 20ax* + 7-22 


0 


To integrate this, the cubic equation is solved, factorised, and resolved into partial fractions : 


— 0-9695x) (a + 13-52x) (a — 0-5496x) 


2-303 a a a 
and k = [2 461 10810 + 0-00236 10810 + 2-463 10810 | (1) 
It was found that the middle term of this equation is small enough to be neglected, also the numerical coefficients of 
the other two terms are very nearly equal, and the equation is simplified to 
k = (5-67/t) logyo(a — 0-5496%) /(a — 


The observed rate of bromide formation obeyed this equation, and it is therefore much more satisfac for neutral 
hydrolysis than the simple unimolecular equation which always gives falling coefficients. The method used was to plot 


the logarithmic term against time, the resulting line giving the value of ky). The application of equation (2) to the 


TABLE IV. 


0-050CHPhBr:CO,Na + 0-950NaNO,. (Bromide formation.) 


20 26 .35 45 55 70 85 
1615 1954 2391 ~ 2789 3111 3479 3776 
3435 3106 2682 2296 1984 1628 ~- 1340 

. 4112 3926 3686 3467 3290 3088 2925 
0-8354 0-7911 0-7276 0-6622  0-6032 0-5271 0-4581 
233 231 230 231 231 229 229 


“hydrolysis of 0-050CHPhBr-CO,Na + 0-950NaNO, is shown in Table IV. Values of ios obtained with various 
concentrations of sodium phenylbromoacetate are as follows (for the two methods of estimation) : 


aCHPhBr‘CO,Na + (l—a)NaNO,. . 
(Bromide estimation.) (Acid estimation.) 
. 0-050 0-025 0-010 0-10 0-050 0-025 0-010 
0-0216 0-0229 0-0239 0-0239 ., 0-017 0-0174 0-0174 0-0177 


The coefficients found by estimation of the acid formed in the reaction are constant for the first 70% of the reaction. 
There are pera Auge cc mga between the rates of bromide and acid formation, and these are much greater than 
those found in weakly al e solutions. The differences in neutral solution were then analysed, and it was found that 
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during the course of the reaction the acidity always represented a constant fraction of the bromide, i.e., the bromide— 
acidity difference is a constant fraction of the reaction products. This is shown in Table V(a), for one typical run. 


TABLE V. 
0-025CHPhBr’CO,Na + 0°975NaNO,. (Bromide and acidity.) 


[Br’] {(Br’) — Br] Br’ — Br] — 
t. x 10°. x 105. 105; (Br’}. t. x 105. x 105. x 105. {Br’}. : 
(a) 0 to 100 mins. ‘ 
10 404 356° 48 0-12. 45 1401 1198 203 0-15 
15 592 512 .80 0-14 55 1568 1343 225 0-14 
20 779 664° 115 0-15 70 1752 1521 » 231 0-13 
977 $33 444 0-15 85 1908 1656 252 0-13 
35 1182 1014_—=««j - 168 0-14 100 2036 1782 254 0-13 
(b) 0 to 7000 mins. 
10 404 - 356 48 0-12 600 2498 2249 249 0-10 
35 1182 1014 168 0-14 1000 ° 2500 2291 209 0-08 
70... .1752 1521 231 0-13 2000 2500 2355 145 0-06 
100 2036 1782 254 O13 2500 2432 68 0-03 
150 2271 2010 261 0-12 . 7000 2500 d 2460 40 0-01 
300 . 2460 2190 270 0-11 


_— ammanes acid present is always about 86% of the bfOmide, suggesting that a stable intermediate is being formed as a 
uniform product. : 

As these differences in alkaline solution ap ed to be related to the amount of sodium nitrate present (Table I), 
the in was also studied absence of 
nitrate. g a solution of 0-025m-sodium phenylbromoacetate alone, ; “44 0-025mM-CHPhBr + x 
and applying equation (3), it was found: thet the brosside-acidity’ 
differences were only one-sixth of those in Table V(a). The coefficients 
obtained were kp, = 0-0190, and kg = 0-0183. : 

Late stages of neutral hydrolysis. Confirmatory evidence for the 5a] 
formation of intermediate compounds was obtained by following the 2-0 
late stages of the hydrolysis as in the excess alkali experiments. A 
solution of 0-025CHPhBr-CO,Na + 0-975NaNO, was followed by ‘both 
bromide and acid estimation to completion. Bromide formation follows. + 
equation (2) throughout, reaching 99-9% after 520 mins. At this stage 8 3.64 
the acidity is only 90% of the theoretical, indicating that 10% of inter 8 
mediate compounds is present. The acidity increases slowly over RY 
several days, as these compounds hydrolyse. The diagram shows log, 

(a — x) plotted against time for bromide 4hd for acid formation, an pa 
illustrates the striking change in the rate of acid formation which occurs 32° 
as bromide formation nears completion. Table V(b) gives details of the 
amounts present throughout the reaction. 

Effects of inert salts on neutral hydrolysis. A series of experiments 
was made to find the effect of replacing the sodium nitrate by other 48- 
uni-univalent sodium salts. Rate of bromide formation gives the normal 
salt effect, and the bromide—acid difference indicates the extent of 


intermediate compound formation. Velocity coefficients are calculated 46 ¥ 200 7200 
from equation (2), except in the case of sodium mandelate (NaM), LS ages 4 
for in presence of this salt the hydrolysis is strictly unimolecular owing + (6, AS. 
to depligaaseat of the equilibrium between mandelate and phenylbromoacetate ions. 
0-025CHPhBr’CO,Na + 0-975NaX. 
Nil NaNO, NaBr NaClo, NaM 
% intermediate corresponding to kpr — Ag ... 2 14 3 4 


The hydrolysis of the phenylchloroacetaté ion in neutral solution is exactly analogous to that of the bromine compound. 
With a solution of 0-025CHPhCI-CO,Na + 0-975NaNO,, the usual fall in the unimolecular coefficient was found. The 
dissociation constant of phenylchloroacetic acid is given by Senter as 0-0043; hence afi equation analogous to (1) was 
derived, and simplified in the Same manner to give ° é 


= (7-09/t) logy, (a — 0-5612)/(a — (8) 


This equation was applied to the results for the above solution, and hy) = 0-00171 (Table VI). The late stages 
of hydrolysis of sodium phenylchloracetate were examined. Chloride formation is not complete until about 3500 mins., 
and at this stage only 3-5% of the theoretical acidity is withheld. , 


Discussion.—It has been shown that unimolecular coefficients for the hydrolysis of the phenylbromoacetate 
ion in presence of excess alkali remain constantgwith varying initial concentration of sodium phenylbromo- 
acetate. This shows that there is no reaction between two phenylbromoacetate ions or between one phenyl- 
bromoacetate ion and a hydroxyl ion, in marked contrast to the case of the bromoacetate ion, where the 
ion-ion reaction is often dominant (Dawson and Dyson, Joc. cit.). The reaction must therefore consist either 
of a bimolecular reaction between a phenylbromoacetate ion and water, or of a unimolecular ionisation reaction, 
and since the hydrolysis is unaffected by excess alkali the latter is more probable. It is noteworthy that the. 


- 
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TABLE VI. 
0-025CHPhC1-CO,Na + 0-975NaNO,. (Chloride estimation.) 


se 100 180 720 
188 369 604 1597 
(a — 0-561x) x 10° 2395 2293 2161 1604 
(a — 0-894%) x 10° 2332 2170 1960 1072 
Ratio 003. 1-027 1-056 1-103 1-496 
170 173 169 172 173 


hydrolysis is much faster than that of bromoacetate, the unimolecular velocity coefficients being 0-0207 and 
3-2 x 10° poy eomeig te 25°, but that the Arrhenius energy of activation is greater, 29,130 and 24,830 cals., 
respectively; hence the higher rate is due to some other factor. For phenylbromoacetate, if k = PZe—#/R7, 
where Z is the collision frequency, calculated by Bradley’s formula (J., 1934, 1910) as Z = 4:2 x 1012 sec.-! 
at 25°, E becomes 30,020 cals. and P = 1-1 x 104. Thus the number of solute—solvent collisions with the 
observed energy of activation is much less than corresponds to the observed rate of reaction, confirming the view 
that the reaction is not a simple bimolecular reaction with water, and is probably a true unimolecular reaction. 
The reaction is therefore of the same type as the aqueous hydrolysis of tert.-butyl chloride (Hughes, J., 1935, 
225), hydrolysis of «-chloroethylbenzene (Ward, J., 1927, 445), and the decomposition of y-bromobutyrate 
(Caldin and Wolfenden, J., 1936, 1239). ; 

Closer examination of the hydrolysis shows that, although’ bromide formation is strictly unimolecular, acid 
formation shows a slight lag in certain cases, particularly in neutral solutions containing a high concentration 
of sodium nitrate. This shows that, despite the apparent simplicity of the hydrolysis and the absence of 
an ion-ion reaction, some intermediate compound formation can occur under certain conditions. The presence 
of this intermediate compound is confirmed by the late-stage experiments, which show the slow hydrolysis of 
this intermediate after bromide formation is complete. The following reaction mechanism is suggested to 
account for its presence. 

The first stage of the reaction is unimolecular ionisation, giving a bromide ion and a carbonium 


+ 

ion, C,H,*CH-CO,’, which reacts immediately with hydroxy] ions if preserit, and with water, and also with any 
additional ions present such as the nitrate ion. Water and hydroxyl ions yield mandelic acid, the normal 
product of hydrolysis, and it is suggested that nitrate ions give C,H,-CH(NO,)-CO,’, which on subsequent 
hydrolysis gives mandelic acid and regenerates the nitrate ion. The intermediate compound is decomposed 
rapidly by hydroxyl] ions and only hydrolyses slowly in neutral solution. Hence, in presence of excess alkali 
it cannot accumulate, and acid formation will follow bromide formation closely, but in neutral solutions 
containing sodium nitrate the conditions favour its formation and stability, and acid formation will lag behind 
bromide formation throughout. Formation of this intermediate compound has no effect on the rate of bromide 
formation since ionisation of bromine is the primary stage of the reaction. The expérimental results confirm 
that bromide formation is strictly unimolecular under all conditions. ; 


THE UNIVERSITY, LEEDs. : [Received, August 25th, 1942.) 


30. Catalytic Reduction by Formic Acid wnder Pressure. Part I. The Prepar- 
ation of Aldehydes from Carboxylic Acids with Titanium Dioxide as Catalyst. 


By R. Ronatp Davigs and HERBERT H. Hopcson. 


An apparatus is described in which reduction by formic acid in the nce of catalysts-has been effected 
under pressure and at comparatively low temperatures. With titanium dioxide as catalyst, nonoic, undecenoic, 
and lauric acids have been converted into their respective aldehydes, whereas butyric, heptoic (trace), and 
phenylacetic acids failed to react. Benzoic, salicylic, p-sulphobenzoic, and p-chlorobenzoic acids also gave 
good yields of aldehydes, but p-nitrobenzoic acid was mainly reduced to,nitrobenzene. 


Accorp1nG to the conditions and catalyst employed, formic acid may decompose to give : (1) carbon monoxide, 
H-CO,H —> CO + H,O; (2) nascent hydrogen, H-CO,H —-> 2H + CO,; or (3) formaldehyde, 2H-CO,H —> 
H-CHO + CO, + H,O. When reactions (2) and (3) coexist, methyl alcohol will be produced: H-*CHO + 
2H —~> CH,°OH. Sabatier and Mailhe (Compt. rend., 1911, 152, 1212) state that reaction (2) predominates 
at relatively low temperatures when finely divided metals (e.g., nickel) are used as catalysts, although reactions 
(1) and (3) are not excluded; that titanium dioxide and the blue oxide of tungsten, however, promote reaction 
(i) exclusively at temperatures above 170°, whereas thoria, lime, and other metallic oxides promote all three" 
reactions simultaneously. 

Reaction (1) was used by Sabatier and Mailhe (ibid., 1912, 14, 561) for the catalytic preparation of aldehydes, 
by passing the vapours of the corresponding carboxylic acid and formic acid over titanium dioxide at 300°. 
We now find that this reaction can be made to proceed more smoothly if the reactants and catalyst are heated 
together under pressure, although the special technique now described had to be devised to render the method 
safe in small-scale operation. Moreover, the-reaction may be performed at lower temperatures, ¢.g., 250—260°, 
than those emplgyed by Sabatier and Mailhe, and the process possesses the obvious advantage that the relative 
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volatility of the reactants has not to be considered. Further advantages are the availability of the reaction 
for nori-volatile carboxylic acids, and its ready applicability to micro-scale work. 

In the present investigation, aldehydes have been prepared from aromatic carboxylic acids in which chiorine 
or the hydroxyl group, when substituted in the o- or p-position, appears to improve the yields. Asan exception, 
p-nitrobenzoic acid was reduced mainly to nitrobenzene. With aliphatic carboxylic acids, reaction only 
occurred when more than seven carbon atoms were present, the yields ne with rise of molecular weight. 


H 


Baty (I.) 


The following mechanisms are ‘inal for the reactions involved : (a) Decomposition of formic acid into 
carbon monoxide and water. The initial stage will be the formation of a complex (I) between the titanium 
dioxide and formic acid, which then decomposes as at the dotted lines. (b) Aldehyde formation. The fatty 


_(or aromatic) acid forms a similar complex (II), in which a 6-membered ring is produced by hydrogen bonding, 


wherein the oxygen atom labelled (a) tends = become positively charged, and is thereby in a condition ripe for 
attack by the dipolar carbon monoxide, c=0. The resulting rearrangement, with breaks at Sa enter lines, 


liberates the titanium and carbon dioxides, together with the ephemeral compound, R-C=0-<H, which 
spontaneously rearranges to the isomeric aldehyde, R—CH—O. Pod 


No 
5+ \ 
R ‘ 


To explain the facts of ready reaction with aromatic acids, but interaction only with aliphatic acids of 
relatively high molecular weight, the reasonable assumption is made that reactivity is dependent mainly on 
two factors: (1) facility of hydrogen bonding at (b), and (2) the positivity of oxygen atom (a). With the fatty 
acids, where R exerts an electron-repelling effect, (b) is apparently not possible until C, is reached, the 
carbonyl oxygen then being sufficiently anionoid to form the bond. When R is normally sh ara ta 


as in benzoic and salicylic acids, oxygen (d) will become very positive and will react with c=6 immediately 
bond (6) is formed; although R apparently tends to prevent bond (b) being formed, there will be resonance 
phases in which the carbonyl oxygen becomes sufficiently negative to attract the hydrogen. Resonance does 
not ogcur in the fatty acids, and the mag chain appears to be moowmmey for the required anionoid activity of the 
carbohyl group at (b). 

In the usual method of heating a mixture of calcium salts of thé fatty acids with calcium formate to obtain 
aldehydes, bonding between the carbonyl oxygen of the fatty acid and the ayoneet of the formate will occur, 


and scission of calcium carbonate will leave the ephemeral compound, R—C=0-H, which will immediately 
change into the aldehyde, R-CHO (see III). This pyrolytic reaction, however, is only one of several proceeding 
simultaneously, e.g. formation of ketones from the calcium salts of the fatty acids, carbon monoxide from the 
calcium formate, and by-products due to the interaction of the primaries. Since a less crude aldehyde is 
obtained with the barium salts of the acids, it would appear that the hydrogen bonding will then ensue more 
readily, and this may be expected, since barium is more electropositive than calcium, and in consequence the 
carbonyl oxygen will be more anionoid in the barium salt. It is noteworthy that if calcium or barium oxide is 
used instead of titanium dioxide with formic acid under pressure, then hydrogen and formaldehyde are liberated 
as well as carbon monoxide and water. These eifides are therefore inferior to titanium dioxide for aldehyde 
production. 

It was found expedient to employ a slight excess of formic acid, and since with lauric acid, the typical 
example described, a 10% excess gave the optimum yield, this excess has been adopted throughout the 
investigation. In like manner, the optimum temperature range for maximum conversion appeared to be 
250—260°, even though aldehyde was formed below 200°, whereas heating to 300° brought about no appreciable 
increase in yield although considerably increasing the danger of bursting the container. Prolonged heating at 
any particular temperature did not appear to alter the equilibrium mixture at that. temperature. 

At first the catalyst was prepared by precipitating it as titanium hydroxide on pumice, but equally good 
results were later obtained with finely ground commercial titanium dioxide. 

EXPERIMENTAL.” 
in, long ang of, ag in. internal and 2 in. ext at idmeter is fixed 
of 2}°i al and 3 in. external diameter; by means of.female 


Apparatus.—A mild-steel tube A, 2 ft. 
concentrically inside a mild-steel tube B, 2 


4 in 
ft.,-and 


. 
. 
+ TiO, + C=O 
I 
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joints which are each connected to the ends of A and B by 12 screw threads, into which in turn screw 2 plugs C. The 
annular spdce between tubes A and B is filled with a low-melting fusible alloy, and tube B contains a circular aperture 
‘of 4 ig. diameter to which is cemented a short ring, 1 in. deep and of } in. internal and 1 in. external diameter, which is 
filled with the alloy of the annular space; this outlet serves as a thermometer pocket, and as an overflow outlet when 
expansion occurs. The apparatus is arranged lengthwise on a wooden stand, and tilted at an angle of ca. 20°; it is heated 
from below by two batswing Bunsen burners. : 

Method of Working.—The sealed Carius glass tube, charged with the reactants, was inserted in the inner tube A by 
means of a short wooden stick, and the plugs C screwed into position. Heat was then applied, and alloy abstracted 
or added via the outlet as occasion required, and when the reaction was completed, the apparatus was allowed to cool, 
plugs C were removed, the glass Carius tube was pushed so that one end just protruded from the upper end of A, the 
ower end being first packed with cotton waste or Similar material, and then secured again to absorb the shock due to 
recoil after the tube had been opened in the usual manner. 

The following example is typical of the general procedure employed, and the results for 11 carboxylic acids are included 
in the table below. 

Preparation of Lauric Aldehyde.—Lauric acid (0-1 g.-mol.), 95% formic acid (0-11 g.-mol.), and titanium dioxide 
(0-5 g.) were charged into a Carius tube of ca. 15 in. in length and 1 in. internal diameter, which was inserted in the above 
apparatus, heated to 260° during 3 hours, and maintained at 250—-260° for 2 hours. After cooling (generally by keeping 
overnight) to room temperature, the residual pressure was released, and the contents of the tube removed by ether 
extraction (ca. 50 c.c.). The ethereal extract was filtered from titanium dioxide, washed with N-sodium hydroxide to 
remove unchanged carboxylic acid, then with water, dried (calcium chloride), filtered, and the ether removed; the 
residue (6-5 g.) was a colourless oil. Estimation of the aldehyde content by the hydroxylamine method (Stillmann and 
Reed, Perfume and Essential Oil Record, 1932, 279) indicated 5-7 g. of lauric aldehyde. The crude oil above was purified 
via its bisulphite compound in the usual manner, and then had m. p. 38—39-5°, b. p. 238°, d}8° 0-9213. -The alkaline 
filtrate above, when acidified and extracted with ether, afforded 13-1 g. of unchanged lauric acid. The conversion was 
therefore 31%, i.e., a yield of 90% on the lauric acid consumed. 

All the yields recorded in the table have been calculated as above. -The following carboxylic acids have been reduced 
by the above procedure: undecenoic, nonoic, heptoic, butyric, phenylacetic, benzoic, salicylic, and p-chloro-, p-nitro-, 
and p-sulpho-benzoic. The last acid was estimated by dissolving the initial reaction product in 5% ‘aqueous sodium 
carbonate (100 c.c.), filtering the solution, and obtaining the aldehyde content in the solution. 


Yield of : Yield of 
Yield of Recovered aldehyde on Yield of Recovéred aldehyde on 
aldehyde, acid;. actual acid o aldehyde, acid, actual acid 
Carboxylic acid. %. %. reduced, %. Carboxylic acid. %. %. * reduced, %. 
Nonoic ..... 22 78+ p-Chlorobenzoic ... 41 83 - 89 
Undecenoic ......... 25 87 79-5 p-Nitrobenzoic ... 8 —§ 
31 .. 90 p-Sulphobenzoic ... 22 
Phenylacetic ...... Nil 
* No reaction. t No by-products. t A little phenol formed. § Mainly nitrobenzene. 


The authors thank Messrs. Arthol Manufacturing Co., in whose laboratories the initial work was carried out, for 
permisgion to publish these results. 
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31. The Action of Cuprous Oxide on Diazotised Amines. Part II. Reactions 
in Solutions of Various Alcohols and Organic Solvents. Preparation of 1: 6- 
Dinitronaphthalene. 


By Hersert H. Hopcson and Harorp S. TuRNER. 


1 : 6-Dinitro-2-naphthylamine has been diazotised by an inverted Hodgson—Walker procedure, and the 
diazo-solution decomposed by a suspension of cuprous oxide in a series of alcohols and other organic solvents, 
whereby the deamination utility of the combination, which is greatly a apo! to that of either component 
separately, has been determined. The efficiency of deamination is found to be quite regular from the standpoint 
of electronic theory, but in a large number of cases, particularly for the more anionoid alcohols, an appreciable 
induction period occurs before a rapid decomposition, which suggests a two-stage reaction, viz., initial formation 
of a complex between organic solvent and diazonium salt, followed by decomposition facilitated by the cuprous 
oxide. An improved method is described for the preparation of 1 : 6-dinitronaphthalene. 


Previous work by the authors (J., 1942, 748) on the action of cuprous oxide on diazotised amines in ethyl- 
alcoholic solution has been extended to an examination of the utility of a series of alcohols and other solvents 
in deamination. As it was necessary to use one amine with a number of solvents, choice was made of 1 : 6-di- 
nitro-2-naphthylamine because the 1 : 6-dinitronaphthalene formed in the reaction was a high-melting solid 
which could be isolated without loss owing to secondary reactions in the deamination medium, and, moreover, 
large amounts of it were required for another investigation. For this purpose 1 : 6-dinitro-p-toluenesulphon- 
2-naphthalide was hydrolysed by concentrated sulphuric acid (cf. Bell, J., 1929, 2784) and the amine diazotised 
by an inverted Hodgson and Walker procedure (J., 1933, 1620), the diazo-solution being then poured into a 
suspension of cuprous oxide in the organic solvent (cf. Hodgson and H. S. Turner, loc. cit.). 

It has long been known that the facility or otherwise of deamination is related to the electronic character of 
the nuclear substituents of the diazotised amines, and now the present experiments with alcohols and other 
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solvents have revealed an additional powerful effect which is dependent on the nature of the groups attached 
to the a-carbon atom of the alcoholemployed. The percentage yields of 1 : 6-dinitronaphthalene are here shown 
in parentheses after the relevant alcohol: {-chloroethyl (69-5), methyl (60-2), isopropyl (59-7), ethyl (57-6), 
isobutyl (51-2), ethylene glycol (48-3), m-propyl (40-6), »-butyl (30-0). This order differs from the more limited 
one given by Hodgson and Kershaw (J., 1930, 2784) for the decomposition of benzenediazonium sulphate by 
aliphatic alcohols, when the sequence (based on formation of aldehyde) was ethyl > isopropyl > n-propyl > 
isobutyl > n-butyl > methyl (from which no formaldehyde was produced), by the fact that methyl alcohol 
now takes its correct place, isopropyl alcohol exchanges places with ethyl alcohol, and the positions of isobutyl 
and n-propyl alcohol are reversed. 

The mechanism of the reaction described for the simpler reaction of alcohols with a diazonium salt (cf. 
Hodgson, J. Soc. Dyers Col., 1931, 47, 93) has now to be modified slightly to account for the combined reactivity 
of alcohol and cuprous oxide. It is assumed that there is initially complex formation between the alcohol and 
the diazonium salt, in which the union may be purely electro- 


R>CH yp eae static (I) or dative (II). That such union orcurs, follows 
R>—CH —>0<it - from a noteworthy feature of the present series of experiments 
Cengystidl in which a period of induction precedes evolution of nitrogen. 


This period of induction is appreciable for all the alcohols 
except 8-chloroethyl, methyl, and ethyl, and for ethylene 
(I.) (II) glycol, as well as for the other ketonic and ester media in 
which decompositions have heen investigated. In these cases, 

-the addition of the diazo-solution to the medium in which the cuprous oxide is suspended, is not attended by 
an immediate evolution of nitrogen, but by the formation of a deep brownish-red solution (i.e., an indication 
that the complex has a dative union with an ephemeral diazo-oxide structure) and only a very gradual rise of 
temperature. After induction periods which increase from isopropyl to n-butyl alcohol, the colour of the solu- 
tion changes to yellow (diazonium-salt formation) and a rapid reaction commences quite suddenly with rise of 
temperature. ‘ Consideration of the following scheme indicates that the next stage of the reaction is the ionis- 


HSO, | 
H 
Ou ¥ () VAN VAN 
\ 


ation of hydrogen. (a), which will depend upon the inductive effect of the alkyl group. In the case of 
6-chloroethyl alcohol, the chlorine with its —I inductive effect will assist in the ionisation of hydrogen 
(a), whereas the alkyl groups with their + effects will tend to prevent it. 

The experimental order found above for the effects of the alkyl groups in the alcohols is more regular than the 
order showing group influence upon the strengths of the corresponding aliphatic acids (cf. Dippy, Chem. Rev., 
1939, 25, 188 et seq.) which is methyl >.isobutyl > isopropyl > n-butyl > ethyl, although here also, methyl > 
isopropyl > ethyl. After the ionisation of hydrogen (a), with release of electron to the oxygen, follows the 
rupture of the diazo-radical with evolution of nitrogen, and simultaneous formation of the aryl radical >C- 
and separation of atomic hydrogen -H at (b), which then unite to form >C:H. The decomposition of the 
diazo-group will be facilitated by the cuprous oxide, which itself may contribute directly to the reduction of the 

_ diazonium salt, thereby enhancing the yield of deaminated product (cf. Hodgson, Leigh, and G. Turner, J., 
1942, 744). This facilitation of decomposition by cuprous oxide is shown when methyl alcohol is used, since 
in the simpler case of the decomposition of benzenediazonium sulphate, the hydrogen (b) of the methyl alcohol 
is not detached, and the -OCH, and ary] radicals then unite. In the present series of experiments, therefore, 
methyl alcohol is in its proper place. —~ 

The period of induction thus represents the time necessary for the complex to form and rearrange before 
decomposition, and this period increases with enhancement of anionoid character of the alcoholic oxygen, as 
theory foretells. The inierior position of ethylene glycol compared with ethyl alcohol is anomalous, since 
glycollic acid has a dissociation constant much greater than that of acetic acid, so on this account, ethylene 
glycol should deaminate much more readily than methyl alcohol. Perhaps the inferiority is due to hydroxyl 
bonds (cf. Bernal and Megaw, Proc. Roy. Soc., 1935, 151, A, 384) in the ethylene glycol, which would retard 
formation of the initial complex with consequent retardation of deamination, so that other decompositions of the 
diazonium salt would proceed (cf. Hodgson, Leigh, and G. Turner, Joc. cit.). This explanation is supported by 
the fact that there is no induction period prior to decomposition, which in this case would be initiated by 
the action of cuprous oxide on the diazonium salt. The glycol appears to react at both the CH,-OH groups 
simultaneously, since glyoxal predominates as the oxidation product. 

With tert.-butyl alcohol, where the a-carbon atom lacks a hydrogen atom, deamination was very poor, 
and probably due to the reducing action of cuprous oxide alone, which, in absence of an alcohol or other organic 
solvent, affords a yield of only 18% of deaminated product: 

acetone and ethyl acetate both give induction periods before-decomposition, and their reactivity is probably 
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due to their tautomeric enolic forms, whereas with cyclohexanone, where the enolic form is more difficult to 
attain, and in these experiments probably impossible, the results were similar to those with ¢ert.-butyl alcohol. 
With benzyl alcohol there was a short induction period, but no benzaldehyde was formed and no deamination 
product could be isolated. } 


The superiority of the cuprous oxide-alcohol procedure is indicated by the fact that with ethyl alcohol 
alone the yield of 1 : 6-dinitronaphthalene is 21%, with cuprous oxide alone 18%, and with the combination 
57-6%. «The comparatively high yield (69-5%) obtained by the use of ethylene chlorohydrin indicates that this 
alcohol should be extremely useful as a general deaminating agent; e.g.,a 75% yield of 1 : 3-dinitronaphthalene 
has been obtained from 2 : 4-dinitro-p-toluenesulphon-1-naphthalide. 

The method now described is the only good one available for the preparation of 1 : 6-dinitronaphthalene 
(cf. Graebe and Drews, Ber., 1884, 17, 1172; Graebe, Annalen; 1904, 385, 143; Gaess, J. pr. Chem., 1891, 48, 
32; Vesely and Dvorak, Bull. Soc. chim., 1923, 33, 319). These authors obtained 1 : 6-dinitronaphthalene via 
a long sequence of operations starting from $-naphthol or §-naphthylamine, and in yields not exceeding 15%. 

The yields quoted in the table are comparative for an identical procedure with each alcohol, but by individual 
modifications the yields might be substantially increased; e.g., a 65-5% yield has been obtained with ethyl 
alcohol by a slight variation of details. An improved procedure is also given for the nitration of p-toluene- 
sulphon-2-naphthalide (cf. Morgan and Micklethwait, J., 1912, 101, 148; Bell, loc. cit.). 


EXPERIMENTAL. 


1 : 6-Dinitro-p-toluenesulphon-2“naphthalide was prepared by dissolution of p-toluenesulphon-2-naphthalide (50 g.)_ 
(Hodgson and Smith, J., 1935, 1854) in hot glacial acetic acid (150 c.c.) and gradual addition, at 55° initially, of nitric 
acid (35 c.c., d 1-42), the tem ture being kept below 85°. If no rise of temperature occurred with the first few drops of 
acid, sodium nitrite (ca. 0-01 g.) was added, since this prevented a delayed but subsequently violent reaction. When 
20—25 c.c. of acid had been added, the reaction mixture suddenly set to a solid crystalline mass; this was broken up so 
as to permit resumption of stirring, which was continued until the mixture had attained room temperature. The crude, 
solid 1: 6-dinitro-p-toluenesulphon-2-naphthalide was removed, washed with glacial acetic acid (30 c.c.), followed by 
50% aqueous acetic acid, until the filtrate was colourless, the acid expressed as far as possible by suction, and the solid 
dried at 70°, being thus obtained in pale creamy-yellow needles, m. p. 197° unchanged by one crystallisation from ethyl 
alcohol (Morgan and Micklethwait, loc. cit., give m. p. 194°); yield, 54 g. (83%). : 

1 : 6-Dinitro-2-naphthylamine was obtained from the ¢-sckaenenuighonnenas by means of concentrated sulphuric acid 
ery oe cit.). Forsubsequent deamination experiments, the amine was not isolated but diazotised directly in the sulphuric 
acid solution. ‘ ; 

Combined :Hydrolysis and Diazotisation of 1 : 6-Dinitro-p-toluenesulphon-2-naphthalide. General Method.—The 
sulphonamide (x g.) was stirred into sulphuric acid (2% c.c., d 1-84) at room temperature; the mixture warmed to 30—35° 
during addition, and this was raised to 40° for completion of the hydrolysis. The mixture was then treated below 
20° with a solution of sodium nitrite (0-24% g.) in sulphuric acid (1-1% c.c.), and stirred gradually into glacial acetic acid 
(4% c.c.) below 20° and kept during 20 mins. to complete the diazotisation. 

Replacement of the Diazonium Gyoup by Hydrogen, and Preparation of 1 : 6-Dinitronaphthalene.—(1) By ethyl alcohol 
alone. The diazo-solution above (from 50 g. of sulphonamide) was stirred into ethylalcohol (600 c.c.), the mixture heated 
on the water-bath for 4 hours, and poured on ice (2000 g.). The crude, dark brown solid which was eS (26 g.) 
was filtered off, washed, and the dried cake extracted twice with ethylene dichloride (200 c.c. for 4 hours, followed by 
150 c.c. for 2 hours). The combined filtered extracts were refluxed with animal charcoal (5 g.) for 2 hours, and then 
the 1 : 6-dinitronaphthalene (6 g., 21% yield) obtained by alternate removal by distillation of excess solvent and crystal- 
lisation, separated in light brown needles, m. p. 155°. . 

(2) By cuprous oxide alone. The stirred diazo-solution from the sulphonamide (20 g.) was treated gradually during ~ 
20 mins. with cuprous oxide (28 g.), and then stirred for 2 hours while the reaction subsided. The mixture was poured 
into water (1000 c.c.), and the solid precipitate (17 g.) filtered off and extracted with ethylene dichloride (300 c.c.) as in 
(1); the filtered extract, after refluxing with animal charcoal, was reduced in volume to 20 c.c., whereupon impure 
1 : 6-dinitronaphthalene (2 g., 18% yield) was obtained. : : 

(3) By cuprous oxide in various alcohols, ketones, and esters. The diazo-solution from the sulphonamide (15—20 g.) 
was poured into a suspension of cuprous oxide (12—20 g.) in the medium (130—200 c.c.). With methyl, ethyl, and 
B-chloroethyl alcohols and with ethylene glycol, the reaction commenced immediately with rapid rise of temperature and 
formation of a clean deaminated product. With the higher alcohols, ketones, and esters, there was an induction period 
during which no nitrogen was evolved, and within which the temperature increased very slowly, the reaction mixtures 
in these cases all becoming deep reddish-brown; a vigorous evolution of nitrogen was accompanied by a rapid rise of 
temperature. The solution was then poured into excess of water, and in some cases the reaction product was treated with 
steam to remove preg insoluble in water. In every case where an alcohol was used, a large amount of its acetate 
was formed ; also the higher alcohols which were insoluble in the quantity of water used had to be removed before filtration. 
The precipitate was then filtered off, washed, dried (at ca. 70°), and extracted with ethylene dichloride (300 c.c.), the 
filtered extract being refluxed with animal charcoal (2-5 g.) foran hour. Excess solvent was then removed by distillation 
until 35 c.c. remained, from which the 1 : 6-dinitronaphthalene crystallised out on cooling, the mother-liquor being further 
concentrated to yield two more crops. The data for the various organic compounds used are assembled in the table. _ 

An Improved Procedure for the Preparation of 1 : 6-Dinitronaphthalene.—1 : 6-Dinitro-p-toluenesulphon-2-naphthalide 
(50 g.) was hydrolysed and diazotised as above. The diazo-solution was then run at such a rate into a vigorously stirred 
suspension of finely ground cuprous oxide (35 g.) in ethyl alcohol (450 c.c.) that the maximum temperature attained 
was 70°. The reaction was rapid, but stirring was continued for an hour for the mixture to acquire room temperature, 
whereupon it was poured into water (3000 c.c.), a fawn-coloured precipitate (25-2 g.) being obtained. This crude 1 : 6-di- 
nitronaphthalene was removed and extracted with ethylene dichloride (450 c.c.), the extract boiled with charcoal (2 g.), 
filtered, and cooled; the almost pure 1 : 6-dinitronaphthalene (18-4 g., 65-5% yield; i.e., 54-4% from B-naphthylamine) 
(cf. Vesely and Dvorak’s yield of 10—15%) was obtained in pale yellow needles, m. p. 165-5°. 1 : 6-Dinitronaphthalene 
can be distilled in air with only slight decomposition, b. p. ca. 360°, but without decomposition at 10 mm., at ca. 235° ; 
when crystallised from ethylene dichloride (3 times) and. then from glacial acetic acid {3 times), it is obtained in creamy 


white needles, m. p. 166-5° (Vesely and Dvorak, loc. cit., give m. p. 161°; Gaess, loc. cit., gives m. p. 166—167°) (Found : 
N, 12-84.. Calc, N, 12-85%). 
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' benzoquinone-4-oxime, and as a result it is exceedingly stable ; 
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Yield of dinitro- 
Naph- compound. 
Vol., , CuO, Final Description of product 
Medium. c.c. g. g- temp. G. %. (ni in all cases). Remarks. 

Methyl alcohol ..........+ 200 17-1 14-0 57° 5-8 60- ; m.p. No H°CHO formed * 

Ethyl alcohol 250 200 140 50 6-5 57-6 Golden-yellow; m. p. 165-5° Much CH,*CHO formed * 

n-Propyl alcohol ......... 150 15-0 12-0 50 3-45 40-6 ; m. p. 163-5+— Much CH,°CHO formed 

isoPropyl alcohol ......... 200 20-0 15-0 55 6-75 59-7 = Yellow; m. p. 165-5—166-5° Some CH,°CHO formed + 

n-Butyl] alcohol ............ 130 15-0 12-0 60 - 2-55 30-0 Fawn; m. p. 163-5—165-5° Much aldehyde formed 

tert.-Butyl alcohol ...... 200 20-0 20-0 60 — —_ — After steaming off the hol and ester, an 
intractable tar remained + 

isoButyl alcohol ......... 150 15-0 12-0 60 . 4:35 51-2 Chee gitar; m. p. 163-5— Much aldehyde formed + 

hylene glycol ......... 200 20-0 15-0 — 41 48-3 Light at 4 maa m. p. Glyoxal evolved, and a small quantity of 

164-5—166-5° 4 appeared to be formed *§ 

Ethylene chlorohydrin... 200 20-0 15-0 45 7-85 69-5 pA ; p. Much CH,CI°CHO formed 

Benzyl alcohol ............ 200 20-0 15-0 50 oe ca — No Ph’CHO detected. After steaming, an 
intractable tar remained ¢ 

ACETONE .....ceeeeeeereeeeees 200 20-0 15-0 55 4-0 35-5 Brown; m. p. 160-5—162-5° 

cycloHexanone ........ 200 20-0 15-0 - After an intractable. tar re- 

Ethyl acetate 200 20-0 15-0 50 45 39-8 m. p. 162-5— 


* No appreciable period of induction. ; 
The reaction mixture was steamed to remove the excess of alcohol and ester. 
} Identified as the 2 : 4-dinitrophenylhydrazone. ' 
§ Glyoxal was identified thus: (a) the evolved vapours when aspirated through a cooled U-tube gave a green liquid showing Tollens’s test and Schiff's 
test, but not reducing Fehling’s solution; (b) by its 2 : 4-dinitrophenylhydrazone. i 
Combined Hydrolysis and Deamination of 2 : 4-Dinitro-p-toluenesulphon-1-naphthalide by Cuprous Oxide in Ethylene 
Chlorohydrin.—The naphthalide (50 g.) was converted into the diazo-solution as described by Hodgson and Birtwell 
(work about to be published), and this was run into a suspension of cuprous oxide (40 g.) in ethylene chlorohydrin (450 
c.c.). The temperature rose to 62°, nitrogen was vigorously evolved, and after an hour the mixture was poured into 
water (21.). After extraction as above with ethylene dichloride, the 1 : 3-dinitronaphthalene (21-2 g., 75-2% yield) was 
obtained in yellow needles, m. p. 145°. ; > 


The authors thank I.C.I. (Dyestuffs) Ltd. for gifts of chemicals. 
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32. The Tautomerism of Benzoquinone-p-Nitrosophenol Systems. Part II. ~ 
3-Fluoro-4-nitrosophenol. 
By HERBERT H. Hopcson. 


Previous work on the ultra-violet absorption spectra of the 3-halogeno-4-nitrosophenols and their isomeric 
oximes is now completed by the study of the absorption spectrum of 3-fluoro-4-nitrosophenol. This spectrum 
has unique features in accord with the expérimental observation that this phenol, unlike its analogues, is not 
directly convertible into a quinonoid isomeride. 


A stupy of the ultra-violet absorption spectra of 3-chloro-, 3-bromo-, and 3-iodo-4-nitrosophenols had indicated 
(Hodgson, J., 1937, 520) that in neutral alcoholic solution there were two bands with peaks at ca. 4000 and 
3000 a., corresponding respectively to the ion and the un- OH 

ionised compound. The former band was eliminated by acids, 

and the latter by alkalis. Similar bands with peaks at ca. 4000 
and 3000 a. were obtained for the corresponding 3-halogeno-4- 
benzoquinoneoximes, which were also eliminated by acids and 
alkalis respectively. It has been found, however (Hodgsox 
and Nicholson, J., 1940, 1268), that 3-fluoro-4-nitrosophenol is 
incapable of conversion into the isomeric (unknown) 3-fluoro- 


15,000 


30,000 


e.g., it is precipitated unchanged by acids from alkaline solu- 
tions, whereas the analogues are all converted by alkalis into 
the isomeric qximes ; it has m. p. 161°, about mid-way between 
the m. p.’s of the nitroso- and the quinoneoxjme forms of the 
analogues, does not form a picrate (cf. Hodgson, J., 1931, ‘ : 
1494), and is unattacked,.by diazomethane (cf. Hodgson, J., A.A 
1932, 1395). Moreover, the deep green colour 3-fluoro- 
sation or by demethylation of 3-fluoro-4-nitroso-anisole, and ; 
the failure to form a silver salt (cf. Hodgson, Joc. cit.), all indicate a nitroso-structure, In addition, stability 
and relatively high m. p. are evidence of considerable polarisation [cf. Robinson, “‘ Outline of an Electro- 
chemical (Electronic) Theory of the Course of Organic Reactions,’ 1932, p. 22]. 

The absorption spectrum (see fig.) of 3-fluoro-4-nitrosophenol possesses unique features in accord with the 
foregoing properties. There is only one band, with peak at 3700 A. (i.e., between the ionised and the un-ionised 
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bands of the analogues), and although this band happens to be in the vicinity of the single bands given by the 
3-halogeno-4-nitrosoanisoles, it is eliminated by acids and intensified by alkalis, and corresponds, therefore, to 
the anion. The un-ionised substance apparently absorbs very little within the wave-length range (2200— 
5000 a.) investigated, and at the concentration employed (3-2 x 10-* nN). 

The large displacement (ca. 300 a.) of the band towards the shorter wave-lengths, compared with the 
positions of the ionic bands of the analogues, indicates that relatively the electronic strain is much greater 
in the 3-fluoro-4-nitroso-anion, and it is suggested that the cause arises from a partial betaine (dipolar) structure 

. as of the anion (see inset), which effects almost complete closure of the external electrical 

/F}O field by what is virtually 5-membered-ring formation. In such a dipolar condition 

lo A | of the anion, the N-oxygen atom is prevented from becoming anionoid, and so is 

ee ., il incapable of combination with a hydrogen ion. The nitroso-structure of the 

H ae > ae 3-fluoro-4-nitroso-anion is thus essentially preserved, whereas by contrast the nitroso- 

—_ structures of the analogous anions are very unstable and readily pass over into stable 
quinoneoxime forms which will not revert to the original nitroso-structures. P 

Note. In Part I (J., 1937, 52) line 8 should read: ‘‘ the 3-halogenobenzoquinone-4-oximes could not be 
converted directly into the isomeric nitrosophenols ”’ (instead of oximes as printed). 

Experimental_—All measurements were made by means of a Hilger ultra-violet Spekker Spectrophotometer, the 
absorption due to a 1, 2, or 4 cm. path of solution being com photographically with that of a blank cell filled with 
the solvent used. The 3-fluoro-4-nitrosophenol was dissolved in water containing a trace of alcohol at a concentration 


of 46-8 mg.fl., i.e., 3-2 x 10-* N. The pH values of the neutral, acid, and alkaline solutions were respectively 7-00, 
3-24, and 10-42 as measured on a standard Cambridge pH meter. 


The author gratefully acknowledges his indebtedness to Dr. H. Lowery, Principal of the South-West Essex Technical 
College and School of Art, and to his Research Assistant, Mr. D. Price, B.Sc., for measurement of the spectra. 
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33. Studies in Electrolytic Oxidation. Part XIII. The Electrolytic Oxidation - 
| of Formaldehyde. 


By A. HickiinG and F. RopwELt. 


The electrolytic oxidation of formaldehyde in acid, neutral, and alkaline solutions has been investigated at a 
variety of anodes over a wide range of current densities, and observations of the concomitant potential phenomena 
have been made. Three main sets of oxidation products are distinguished, viz., formic acid and hydrogen, 
formic acid and water, and carbon dioxide and water, and the relative occurrence of the reactions leading to 
these products depends in a complex manner upon the experimental conditions. It is concluded that the 
oxidation is a chemical process in which the primary oxidising agent is hydrogen peroxide initially formed at 
the anode, nascent oxygen and oxides formed with the electrode materials playing supplementary parts. 


TuE electrolytic oxidation of formaldehyde had not been very fully investigated, owing probably to the 
considerable difficulties involved in the complete analysis of the products, but the observations on record 
reveal a number of unusual features. Law (J., 1905, 87, 198), from. a limited examination of the process at a 
platinum anode, concluded that the main products were formic acid and carbon dioxide, with a certain amount 
of carbon monoxide particularly in acid solution. Miller and Hochstetter (Z. Elektrochem., 1914, 20, 367), 
however, showed that in alkaline solution at a copper anode, hydrogen was one of the products of the oxidation, 
and subsequent investigations (Miiller, Annalen, 1920, 420, 241; Fresno, Anal. Fis. Quim., 1924, 22, 121; 
Miiller and Takegami, Z. Elektrochem., 1928, 84, 704) have been mainly directed to the study of this unusual 
phenomenon. It has been reported that the production of hydrogen is accompanied by the formation of formic 
acid, and that although the reaction occurs readily at copper, silver, and gold anodes, yet little or no hydrogen 


is obtained with metals of the platinum group. The re: tion is favoured by the use of strongly alkaline. 


electrolytes, and is apparently associated with the maintenance of a very low anode potential, although the 
exact circumstances leading to this are not clear, since low-potential stages are also observed with the anodes 
which do not give hydrogen. 

No general theory of the electrolytic oxidation of formaldehyde has been advanced, but there has been 
considerable speculation concerning the mechanism of the anodic production of hydrogen. Méiiller and his 
co-workers (loc. cit.) suggested that the initial stage involved the discharge of the anion CH,(OH)-O’, derived 
from formaldehyde hydrate. In their latest view it was supposed that this formed an adsorbed radical which 
might break up to give formic acid, leaving an adsorbed’ hydrogen atom which could be further oxidised to a 
hydrogen ion, or two of the adsorbed radicals might decompose together to give a free hydrogen molecule 
and formic acid. The low-potential stage was considered in all cases to correspond to the discharge potential 
of the anion, but with electrodes which gave little hydrogen it was supposed that the first reaction was catalysed 
by the anode material, and the accumulation of discharged radicals was thus insufficient for the second process to 
occur, 


Although they provide a possible formulation of certain limited aspects of the electrolytic oxidation of — 


formaldehyde, Miiller’s views on the mechanism of the process must be regarded as highly speculative and they 
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afford little help in the-prediction of experimental results. It appeared useful, therefore, to ascertain whether 
the hydrogen peroxide theory of electrolytic oxidation developed in the previous parts of this series (Glasstone 
and Hickling, J., 1932, 2345, 2800; 1933, 829; 1934, 10, 1772, 1878; 1936, 820; Hickling, J., 1936, 1453; 
Gross and Hickling, J., 1937, 325; Hickling and Westwood, J., 1938, 1039; 1939, 1109; Hickling and 
Richards, J., 1940, 256; see also Glasstone and Hickling, Chem. Rev., 1939, 25, 407) would throw any light upon 
the mechanism of the oxidation, and a comprehensive investigation of the process has therefore been carried out. 


EXPERIMENTAL. 


The Electrolytic Cell_—The cell generally employed is shown in Fig. 1. It consisted of a 800-c.c. beaker, which formed 
the anode compartment, provided with a thermometer and a glass cooling coil through which water could be circulated. 
The anode was in the form of a rectangular sheet (4 x 2-5 cm.) sealed into a.bent glass tube, through which contact was 
made, and mounted vertically. EEnveloping the anode was a glass hood connected by capillary tubing to a gas-measuring 


. burette which was also connected to a small mercury trough. Initially the anolyte was drawn up so as completely to 


fill the hood, and the gaseous products of the anodic oxidation which collected above the liquid were then drawn off from 
time to time into the burette, their volume measured, and samples collected via the mercury trough for subsequent 
analysis. The cathode compartment ef the cell consisted of a wide glass tube dipping into the anolyte and closed at its 
lower end by a tight filter-paper plug; the cathode was a spiral of platinum wire of lsq.cm.area. 

The Electrolyte.—In general, the anolyte was 200 c.c. of M-formaldehyde in N-sulphuric acid, or in phosphate buffer 
of approximately pH 7 (0-1M-Na,HPO, + 0-lm-KH,PO,), or in N-sodium hydroxide; these are subsequently referred to 
respectively as the acid, neutral, and alkaline stock solutions. Since commercial formalin solutions invariably contain 
methyl alcohol and are not very stable, B.D.H. paraformaldehyde was 
used as a convenient source of the formaldehyde. It was dissolved in Fic. 1. 
water with warming, the solution standardised by Romijn’s method, 


and diluted until it was exactly 2m with respect to formaldehyde; rn g mn 

immediately before each electrolysis, 100 c.c. of this solution were wr'eres 

mixed with 100 c.c. of supporting electrolyte to give anolytes of the ont + 
quoted strengths. , Several electrolyses were carried out with anolytes 


prepared from ordinary formalin solutions, and the results were identical, 
within the limits of mare error, with those obtained with solutions 
prepared from ormaldéhyde, showing the use of this substance to 
be justified. The catholyte was sulphuric acid or sodium hydroxide 
according to whether acid and neutral or alkaline stock solutions were 
being used as anolyte. 

The Anodes.—Experiments were carried out with smooth platinum, 
platinised platinum,-lead, gas carbon, copper, silver, nickel, and gold 
anodes. Except where otherwise stated, the anodes were rectangular 
sheets of the element under consideration of 20 sq. cm. total superficial 
area. Systematic methods of preparing the electrodes were adopted 


before each electrolysis so as to obtain reproducible surface conditions ; 4 Hk 
these methods were as follows : 

Platinum. Cleaned with warm concentrated hydrochloric acid, THta 
water, warm concentrated nitric acid, water, and heated to redness. ! 
Platinised platinum.’ Replatinised before each electrolysis and cleaned 


as above, the heating to redness being omitted. Lead. Treated with £//fer- 
warm concentrated hydrochloric acid to remove oxide, immersed in paper 
nitric acid until‘ just attacked, then washed with water and polished plug— | 


ap 


Mh 


with wire brush to give bright surface. Carbon. Initially cleaned by 
boiling with concentrated hydrochloric acid containing potassium 
chlorate, and then boiled with water until free from acid; kept under 
water and thoroughly washed with boiling water before each experiment. Copper. Freshly plated before each 
electrolysis to give pink surface. Silver. Freshly plated before each electrolysis and polished. Nickel. Freshly plated 
before each electrolysis to give matte coating. Gold. Formed by electrodeposition of gold on platinum sheet to give 
bright coating before each electrolysis. 


General Conditions of Electrolysis —Except where otherwise stated, 0-02 Faraday of electricity was passed in each 
electrolysis. Although sufficient to produce reasonable amounts of the oxidation products, this quantity of electrici 
did not change substantially the formaldehyde concentration in the anolyte. Current was supplied from a 100-volt 
generator through rheostats and a calibrated milliammeter. Three main C.D.’s, of 0-025, 0-010, and 0-004 amp./sq.-cm., 
were used, corresponding to actual currents of 0-5, 0-2, and 0-08 amp. and times of electrolysis of 64, 160, and 402 mins. 
Electrolyses in neutral and acid solutions were carried out at 15°, but in alkaline solutions the temperature was maintained 
at 5° to minimise the Cannizzaro reaction which takes place spontaneously (see below). 

Analysis of Products——Gas. Samples of any gas evolved during electrolysis were transferred to a Bone—Newitt 
apparatus, and a complete analysis for carbon dioxide, oxygen, carbon monoxide, hydrogen, and hydrocarbons carried 
out. No hydrocarbons were found in any experiment. 

Solution. Formic acid and carbon dioxide contained in the anolyte were estimated as below. 

Formic acid. 20-C.c. portions of the anolyte after electrolysis were taken, and the formic acid estimated, after 
precipitation of the bulk of the formaldehyde as trithioformaldehyde, by the method of Hickling and Rodwell (J., 1941, 
51). In alkaline solution, spontaneous decomposition of formaldehyde into formic acid and methyl alcohol takes place 
by the Cannizzaro reaction. To allow for this, every electrolysis was followed by a control experiment under identical 
conditions but with no current passing, and the amount of formic acid produced by chemical decomposition was estimated ; 
this was then subtracted from the total formic acid found in the electrolysis. 

_ Carbon dioxide. Measured portions of the anolyté (5 or 10 c.c.) were taken immediately after electrolysis and boiled 
with 25 c.c. of 2n-sulphuric acid. The carbon dioxide expelled was collected in 70 c.c. of approximately 0-1n-barium 
hydroxide solution, the barium carbonate filtered off in a fritted-glass funnel, washed thoroughly, and dissolved in 25 c.c. 
of approximately 0-ln-hydrochloric acid. The excess acid was then titrated with standard 0-1N-sodium hydroxide 
(methyl-orange as indicator). Control analyses were carried out to allow for incidental carbon dioxide entering during 


analysis, and for carbon dioxide absorbed from the air during electrolysis with alkaline electrolytes, and the appropriate 
corrections were made in all cases. 
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Results.—The chief possible anodic reactions may be formulated as follows, without making any assumptions as to 
the nature of the anodic oxidising agent or the mechanism of the processes. : ; 


(1) 2H-CHO + 20H’ +2r =H, + 2H-CO,H _ (4) H-CHO + 20H’ + = 2H,O+CO . 
(2) HCHO + 20H’ + 2F = H,O + H-CO,H (5) 40H’ + 4r = 2H,O + O, 
(3) HCHO + 40H’ + = 3H,O+CO, 


The results are expressed as percentage current efficiencies for these five reactions. The efficiency of (1) was calculated 
from the amount of hydrogen evolved, and that of (2) from the amount of formic acid after subtraction of that produced 
by (1). The efficiency of (3) was obtained from the total carbon dioxide produced both in the solution and in any gas 
evolved, and those of (4) and (5) were determined from gas measurement and analysis. The general order of 
reproducibility of these efficiency figures in duplicate analyses of any one anolyte and gas was as follows: (1), (4), and 
(5), +0-2%; (2), +2%; (3), 

Acid and neutral solutions. In Table I are summarised the results for electrolyses of the acid and the neutral stock 
solution at the three standard C.D.’s with certain anodes; the other electrodes dissolved when used as anodes in these 
solutions. The initially neutral anolytes tended to become acid on electrolysis and after use had a pH value of abgut 5. | 


TABLE I. 


Acid solutions. Neutral solutions. 
Current efficiencies, %. . Current efficiencies, %. 
amp./ — amp./ — 
Anode. sq.cm. (1) (2). (3). (4). (5). Total. Anode. sq.cm. (1). (2). (3). (4). (5). Total. 
Pt 0-025 O 74 4: 2 18 98 Pt 0-025 O 54 7 1 35 97 
0-010 O 81 7 2 12 102 0-010 69 4 1 30 
77 14 1 4 96 64 5 1 15 85 
Au! 0:025 0O 43 12 0 43 98 Au! 0-025 O 38 8 0 52 98 
0-010 O 51 7 0 40 98 0-010 O 56 9 0 42 107 
0-004 56 8 0 30 94 0-004 62 6 26 94 
Platinised 0-025 0 27 43 0 0 70 Platinised 0-025 0 19 75 0 0 94 
Pt 0-010 O 30 45 0 0 75 0-010 O 17 75 0 0 92 
0-004 O 33 33 0 0 66 0-004 0O 12 85 0 0 97 
Pb? 0-025 O 19 37 0 0 56 Pb? 0025 0. 18 31 1 41 91 
0-010 O 19 32 0 0 51 0-010 O 14 30 1 47 92 
L 0-004 0 26 32 0 0 58 0-004 0O 7 29 0 38 74 
c3 0-025 0O 4 41 3 3 51 c3 0-025 0O 0 65 4 2 71 
0-010 O 0 54 3 2 59 0-010 O 0 60 4 1 65 
0-004 O 1 45 2 1 49 0-004 O 0 57 4 1 62 


1 This anode tended to become black during electrolysis and dissolved to some extent. 
2 This anode became somewhat brown during electrolysis, presumably by the formation of an oxide coating. 
3 This was attacked during electrolysis, giving rise to products which coloured the electrolyte brown. 


The main conclusions from these results would appear to be as follows. No hydrogen (1) is produced by the 
electrolytic oxidation of formaldehyde in acid or neutral solution. The current efficiency for the formation of formic 
acid (2) depends upon the nature of the anode; it is high at platinum, fairly high at gold, much lower at platinised 
platinum and lead, whereas at a carbon anode scarcely any formic acid is formed. In general the efficiency is higher in 
acid than in neutral solutions, and in most cases it increases with decreasing C.D. Production of carbon dioxide (3) is 
small at platinum and gold anodes, but substantial with the other electrodes, and carbon monoxide (4) is formed in very 
small amounts in some cases, particularly at a carbon anode. Evolution of oxygen (5) is marked with platinum and 
gold electrodes, and with lead in neutral solution, and seems to be favoured by increase of C.D. If efficiencies (3), (4), 
and (5) are added together and the total taken to represent the current used in oxygen evolution or disintegrative oxidation 
brought about by oxygen, in contrast to limited oxidation to formic acid, which may be regarded as the primary oxidation 
reaction (see Discussion), then it is apparent that the former processes occur toa greater extent in neutral than in acid 
solutions and are favoured by rise of C.D. 

The total current efficiencies for all the electrode aaa studied are in general within reasonable distance of 100%, 
if the difficulties of the analytical methods and probable experimental errors are borne in mind, but certain discrepancies 
are apparent. For instance, with platinised platinum, lead, and carbon anodes in acid solution, and with the carbon 
anode‘in neutral solution, substantial fractions of the current passed are not accounted for by the five measured current 
efficiencies. With the lead and the carbon electrodes this may be due in part to oxidation of the anode material since, 
as pointed out in Table I, both these electrodes underwent some change. It seems doubtful, however, whether these 
factors will account wholly for the very considerable discrepancies, and, moreover, the case of platinised platinum in 
acid solution remains puzzling. It may be noted that the discrepancies chiefly arise where what has been termed 
disintegrative oxidation is very marked, and particularly in acid solution. Search was therefore made for other possible 
oxidation products of formaldehyde, such as oxalic acid, but none such could be detected. Check experiments were also 
carried out to ascertain whether formic acid might be lost by reaction with or adsorption by the anode material, and 
whether carbon dioxide, when present in large amounts, might be lost by diffusion through the anolyte to the atmosphere ; 
the results of these experiments were negative. In the cases cited, therefore, it has not been possible to account for the 
whole of the current passed. 

Alkaline solutions. In Table II are summarised the results for electrolyses of the alkaline stock solution at the three 
standard C.D.’s with the usual eight anodes. 

Of the electrodes studied, silver gives a high efficiency for hydrogen formation by reaction (1), at gold the efficiency is 
appreciable, and at platinum and carbon very small but definite amounts of hydrogen are formed; at the other anodes 
no hydrogen is produced. Visual observation of the silver and gold anodes indicated that the formation of hydrogen 
was not uniform throughout the electrolysis; at silver the evolution was initially very. vigorous but decreased with 
time, whereas at gold a pulsating evolution was noted. Formation of formic acid by reaction (2) accounts for the greater 
pect of the remaining current in most cases and is accompanied by moderate oxidation to carbon dioxide, except where 

ydrogen formation is high when the efficiency of reaction (3) is very low. Small amounts of carbon monoxide (4) are 
formed with the carbon anode, and traces of oxygen (5) are obtained with several of the electrodes at the highest C.D. 
The total efficiencies for the five processes studied are in general within reasonable distance of 100% in view of the 
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Taste II. 
C.D., Current efficiencies, %. C.D., Current efficiencies, %. 
Anode. sq.cm. (1) (2). ~ (3) (4). (5). Total. Amode. sq.cm. (1). (2). (3). (4). (5). Total. 
Pt 0-025 0-21- 72 4l 0 1 114 cs 058 43 65 1 1 lll 
0-010 0-11 93 27 0 0 120 0-010 10 #24 57 1 0 83 
0-004 0-21 65 a 0 94 0-004. 24 61 27 1 0 91 
Au 0-025 18 89 0 0 0 107 Ni* 0-025 0 70 29 0 1 100 
0-010 5 110 0 0 0 115 p 0-010 O 96 9 0 0 105 
0-004 11 74 0 0 0 . 85 0-004 0 75 30 0 0 105 
Platinised 0-025 0 61 39 0 0 100 Cu 0-025 0 74 30 0 0 104 
Pt 0-010 O 101 3 0 0 104 0-010 O 97 3 0 0 100 
0-004 0 90 14 0 0 104 0-004 0 76 36 0 0 112 
Pb? 0-025 0 61 33 0 1 95 Ag* 0-025 72 28 4 0o- @ 104 
0-010 0 65 ll 0 0 76 0-010 58 25 1 0 0 84 
0-004 0 54 ll 0 0 65 0-004 67 19 0 0 0 86 


1 Although these efficiencies are very small, they correspond to definite amounts of hydrogen which were isolated 
and burnt. 

2 The anode became brown and dissolved oggeeenty. particularly at the lower C.D.’s. * 

3 This anode was attacked somewhat as in Table I. 

4 The surface of this anode darkened during electrolysis, and later became spotted with a bluish-green deposit. 

5 This anode blackened on electrolysis and ultimately became partly covered with a bluish-green deposit. 

& This anode tarnished during electrolysis and there was a tendency for a brown deposit to form. 


difficulties of the analytical methods, and in particular of the corrections which had to be made for the spontaneous 
occurrence of the Cannizzaro reaction; furthermore, as indicated in the table, the electrodes suffered attack in many cases, 
especially the lead anode. i 

Electrolysis at very low C.D.’s. Since hydrogen evolution was only observed in a few cases in the anodic oxidation 
of formaldehyde at the standard C.D.’s, and not at all at a copper anode where its formation had previously been reported, 
it was decided to investigate the electrolysis at a much lower C.D. A new cell was devised which would accommodate 
large cylindrical electrodes; it consisted of a large boiling-tube (approx. 15 cm. long and 5 cm. in diameter) provided 
with a rubber stopper carrying thermometer, cathode vessel, gas delivery tube, and anode = The anodes were 
usually in the form of cylinders fitting fairly tightly in the cell and having an inner surface area of ca. 70 sq.cm. Sucha 
volume of the stock alkaline electrolyte was used as nearly filled the cell (ca. 185 c.c.) and the remaining space was then 
evacuated. Electrolyses were carried out with a C.D. of 0-0004 amp./sq. cm. (actual current ca. 0-028 amp.) at 5°, the 
cell being externally cooled, and 0-002 F. of electricity was passed in each case. The gas evolved was collected as usual, 
that remaining in the cell at the end of the electrolysis being removed by pumping, and the hydrogen content determined 
by analysis. The formic acid formed was also determined, allowance being made for that produced by the Cannizzaro 
reaction. The results are given in Table III. In view of the smaller quantity of electricity passed, the experimental 


errors in the current efficiencies will be greater than those previously quoted, and very small amounts of hydrogen may 
have escaped detection. 


TaBLe III. 
Au.- Ag. Cu. Ni. Pt. Pb. Cc. 
Current efficiency (1), % sabasnrrségapenine 86 84 77 47 0 0 0 
10 4 8 51 93 61 76 
total, % ..:.. 96 88 85 98 93 61 76 


The electrodes were oxidised to a much less extent than in the electrolyses at the higher C.D.’s; no appreciable 
attack could be detected with the platinum, gold, nickel, and silver anodes, although the copper anode tended to blacken 
slightly. The lead anode became white and appreciable amounts of metal dissolved, whereas the surface of the carbon 
anode became rather soft, probably indicating oxidation of the electrode, although the electrolyte was not coloured 
as in former cases; oxidation of the anodic material probably accounts for the total current efficiencies with the last two 
being appreciably lower than 100%. 

From Table III it is a ent that, in general, the current passed is almost wholly utilised in reactions (1) and (2), 
and although platinum, toad, and carbon electrodes give no hydrogen, the low C.D. has an extremely favourable influence 
on hydrogen production at gold, silver, copper,“and nickel anodes. This is particularly striking in the case of the last 
two, which gave no hydrogen at all in the ordinary C.D. range, whereas with gold and silver the previous efficiencies are 
appreciably increased. With the nickel anode it was observed that the hydrogen evolution decreased suddenly about 
seal gh the electrolysis, so the initial efficiency must have been considerably greater than the average value 
recorded. 

Influence of alkalinity. To ascertain to what extent the formation of hydrogen depends upon the electrolytes bein, 
strongly alkaline, electrolyses were carried out with the silver anode at 0-0004 amp. /sq. cm., M-formaldehyde being u 
in buffer solutions of various pH values. Sodium hydroxide solutions were used for pH 14 and 13, and mixtures with 
sodium carbonate and borax for pH 12 and 11. ‘The results are given below. 


FT value AG 13 12 ll 
utrent efficiency (1), % .«........ ecccccsccccsessoes 84 66 5 14 


The formation of hydrogen is markedly favoured by the use of strongly alkaline solutions. It was noted that darkening 
of the anode (probably indicating oxide Lecmation) developed more rapidly in the less alkaline solutions. 

Potential Measurements.—-The variation of anode potential with quantity of electricity passed was studied in all the 
experiments at the standard C.D.’s by making frequent measurements of the potential relative to a saturated calomel 
electrode by the potentiometer—voltmeter method. The siphon of the calomel electrode was approached as nearly as- 
possible to the anode, but in view of the high currents used the potential measurements include marked resistance errors, 
and no precise significance should therefore be attached to the quoted values. 

In acid and neutral solutions the anode potential at platinum, gold, lead, and carbon electrodes rose almost at once to a 


value in the region of that for oxygen evolution, ca. +2 volts on the hydrogen scale, but with platinised platinum the 
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value was much lower, about +0-4 to +0-8 volt, although it tended to drift upwards, particularly at the highest C.D. 
in neutral solution. In alkaline solution with lead and carbon anodes the potential again rose rapidly to the oxygen 
evolution region, ca. + 1-4 volts, but with platinum there was initially a tendency for a lower potential stage (—0-2 to 
+0:4 volt) to exist, and this was clearly marked at 0-004 amp./sq. cm., the potential rising suddenly after about 500 
coulombs of electricity had been passed. At nickel and copper anodes the potential was in the region of +0-8 volt, 
tending to drift upwards with time, particularly at the highest C.D., while with silver the value was very low and 
remained in the region of 0 volt throughout the electrolyses. With the gold anode in alkaline solution an interesting 
periodic fluctuation of potential was noted which was particularly marked at the highest C.D. At first brisk evolution 
of hydrogen took place, the anode potential being about +0-1 volt; the potential then rose with increasing rapidity, 
the evolution of gas at the same time diminishing, to a value of about +1-4 volts, whereat sudden rapid development 
of gas again took place and the potential dropped to its original value. These fluctuations occurred throughout the 
electrolysis, the cycle occupying 1—2 mins. At the lower C.D.’s, the periodic phenomenon was not so clearly marked, 
but the same tendency was apparent, the periods being much longer. 

To obtain more precise information as to the anode potentials set up in the electrolysis of formaldehyde solutions, 
C.D.—potential curves were studied. To minimise resistance errors, small anodes were used, 1 sq. cm. in acid and neutral 
solutions ahd 0-1 sq. cm. in alkaline solution, so that the total currents passed were low. The electrolyte, which was not 
stirred, was the — stock solution; it was contained in an open beaker into which the anode, thermometer, 
and cathode vessel dipped. As before, electrolyses were carried out at 5° in alkaline and 15° in neutral and acid solutions. 
A saturated calomel electrode was employed as reference electrode, the siphon being connected to the anode by a Luggin 
capjjlary, and potentials were measured to the nearest centivolt by the potentiometer—voltmeter method. Since the anode 
potential depends upon the time of electrolysis, it was necessary to control the duration of the observations at each C.D. 
to obtain reasonably reproducible results. The method used was to fix a certain e.m.f. on the potentiometer and then to 
adjust the polarising current until the anode—calomel system had the same value. In general, | min. was allotted to each 
of the observations, which were made at intervals of 0-1 volt commencing from the static value. The potential was 
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fixed at the beginning of the minute, and the current adjusted at the half minute and read; the next potential was fixed 
at the conclusion of the minute, and soon. The observations were made first with steadily increasing potentials and then 
with decreasing values. All potentials are given on the hydrogen scale. 

The results for the acid and neutral stock solutions are shown in Figs. 2A and 2B, respectively. With lead and carbon 
anodes the potentials rise very rapidly with increasing C.D. to high vaiues in the region of those for oxygen evolution. 
With platinum and gold there appear to be lower-potential stages at small C.D.’s, the potentials jumping rapidly to 
higher values when critical C.D.’s are reached. With the platinised platinum electrode a low-potential stage is very marked, 
so much so that over the normal C.D. range considered no jump of potential takes place. If, however, higher C.D.’s are 
. used, an abrupt transition to a higher potential can be observed, as is shown by the broken graph which was obtained with 
a 0-1 sq. cm. electrode and for which the C.D. scale is increased 20 times. The graphs for acid and neutral solutions are 
fundamentally similar, but in neutral solution the potentials are displaced downwards, as would be expected if they 
are dependent upon hydroxyl-ion concentration (e.g., as would be the case for oxide and oxygen potentials). The’graphs 
for decrease of CD. which are omitted from the figures in order to avoid confusion, were essentially similar to those for 
increasing C.D., but any low-potential stages tended here to be suppressed, suggesting that these are due to irreversible 
anodic polarisation. 

The graphs obtained with alkaline stock solution were very complex and are shown in Fig. 3; over certain ranges 
the currents were sometimes unstable and the broken lines indicate probable values. It is seen that very much higher 
C.D.’s are required to bring about anodic polarisation, which implies that formaldehyde is a much more effective 
depolariser in alkaline than in acid or neutral solution. With all anodes except carbon, at which the potential immediately 
attained a high positive value, there are indications of several potential stages. Current first begins to pass at a very low 
potential (0 to —0-5 volt), this being accompanied by hydrogen evolution at gold, silver, conpet. and nickel anodes but 
not at lead or either type of platinum electrode. At a critical C.D., which is very low with copper and nickel, rather 
higher at lead, considerable at platinised and smooth platinum, and relatively enormous at gold and silver, an abrupt 
transition to a higher-potential stage sets in, and where gas evolution had previously been noted this either ceased cr 
greatly decreased. With gold and silver no permanent shift of potential was observed, but fluctuations in which the 
current suddenly dropped momentarily to a very low value were recorded and are indicated by the broken lines; these 
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fluctuations seemed to indicate the commencement of shifts to higher potentials which were, however, never attained, 
the electrodes resuming almost at once their low potential states. Following the initial transition, the potential at 
nickel, copper, platinum (smooth or platinised), and lead anodes then rises discontinuously with increase of C.D. through 
at least one and sometimes more stages to a final high positive value at which oxygen was eux A evolved. These later 
transitions appeared with nickel, copper, and lead to be associated with the formation of visible oxide deposits on the 
electrodes, and with copper a blue film of high resistance was ultimately formed which is probably responsible for the 
final decrease of current at this electrode. The graphs obtained on decrease of C.D. were essentially similar to those 
shown, although the potentials were sometimes displaced downwards, and where complete polarisation had taken place 
the lower-potential stages tended to be suppressed. ; 

Each anode appears very largely to give its own specific potential behaviour; there is no sharply defined common 
potential which ight correspond to a definite oxidation—reduction potential of the depolariser, and there are no common 
critical C.D.’s at which the transitions occur from low to high potential stages. Of the electrodes which are known to give 
hydrogen at low C.D.’s, ease of polarisation decreases in the order Cu, Ni > Au > Ag. 
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Chemical Oxidation of Formaldehyde.—An enquiry was made into the chemical oxidising action of substances likely 
to be formed at an anode. - 

Oxygen. Gaseous oxygen does not react with formaldehyde solutions at room temperature, except in the presence of 
catalysts such as platinum black, but it is readily absorbed at 100—200° (Delépine, Bull. Soc. chim., 1897, 17, 938; 
Euler, Ber., 1904, By, 3417). The nature of the products under these conditions has not béen established, but it seems 
likely that formic acid is first formed and that this is further oxidised ; in the presence of platinum black, complete 
oxidation to carbon dioxide and water occurs. It seems probable that nascent oxygen at an anode would bring about some 
oxidation at room temperature. 

Hydrogen peroxide. In acid and neutral solutions hydrogen peroxide reacts slowly with formaldehyde, but in alkaline 
solutions the reaction is enormously accelerated (Kastle and | pacer try J. Amer. Chem. Soc., 1899, 21, 262). The 
initial product is probably bishydroxymethyl peroxide CH,(OH)-O-O0-CH,°OH which then undergoes decomposition 
(Wieland and Wingler, Annalen, 1923, 481, 301; see also Hatcher and Holden, Trans. Roy. Soc. Canada, 1926, 20, 395: 
Rieche and Meister, Ber., 1933, 66, 718; 1935, 68, 1465). 

The nature of the final products in acid solution has been established by Fry and Payne (J. Amer. Chem. Soc., 1931, 
58, 1975), who investigated the reaction at 60°. With very low concentrations of hydrogen peroxide, oxidation to formic 
acid and hydrogen (1) occurred, accompanied by simple oxidation to formic acid and water (2). As the concentration 
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of hydrogen peroxide was increased, the occurrence of reaction (1) diminished rapidly while that of (2) increased. 
Oxidation to carbon dioxide and water (3) took place to an increasing extent as the concentration of hydrogen peroxide 
was further raised, and as it was invariably accompanied by evolution of oxygen, the process may perhaps be mainly 
ascribed to the action of nascent oxygen. 

In strongly alkaline solution hydrogen peroxide is vor to react very vigorously with formaldehyde at room 
temperature to give quantitative liberation of hydrogen (1) (Beilstein, “‘ Handbuch,” Vol. I, p. 572, 1918). To obtain 
more precise information, the reaction was investigated under conditions roughly comparable with those used in the 
electrolytic experiments. 0-01 Mol. of hydrogen peroxide in the form of a dilute solution was added ually to 185 c.c. 
of M-formaldehyde at 5° so that the final volume of the solution was 200 c.c. Solutions of pH 14, 13, and 12 were used. 
The gas evolved in the reaction was measured and analysed, and the formic acid = in the solution estimated. 
Gas evolution was extremely vigorous at pH 14, much more moderate at pH 13, and very slow at pH 12. The reaction 
was allowed to go to completion in the first two cases, but in the third the formic acid analysis was made after 5 hours 
when the solution still gave a moderate test for hydrogen peroxide; in this last case, therefore, the formic acid result 
may not be wholly reliable, since some oxidation may have occurred during the analysis. The results are calculated as 
efficiencies for reactions (1) and (2) and are summarised below. It is apparent that in reaction with hydrogen peroxide, as 
in the electrolysis, hydrogen production is markedly favoured by strongly alkaline solutions. 


= 14 13 12 
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Metallic oxides. The action on formaldehyde of the metallic oxides and peroxides likely to be formed at the anodes 
was qualitatively investigated. Oxides used were: Ag,O, Ag,O,, Cu,O, CuO, Au,O,, PtO, PtO,, PtO,, NiO, NiO,, 
PbO, PbO,. In alkaline solution the oxides of silver, gold, 
Fic. 4. and copper were reduced to the metals with marked evolution 
‘ of hydrogen gas; the reaction was very vigorous with the 
silver oxides, somewhat slower with gold oxide, and with 
the copper oxides there was a period of induction before 
reaction occurred and the cuprous oxide reacted less readily 
than the cupric oxide. The oxides of platinum were reduced 
to the metal, the lowest oxide reacting most rapidly, but 
there was scarcely any gas evolution. Nickel peroxide and 
lead peroxide were slowly reduced to the lower oxides, but 
again with very little gas evolution, whereas nickel and lead 
monoxides were not apparently reduced. In neutral and 
acid solutions the action of the oxides was very slight at 
room temperature. In both cases. platinum monoxide (and 
to a less extent the dioxide) were reduced slowly to metal, 
and nickel and lead peroxides appeared to react slowly in the 
acid solution. 
The hydrogen evolution with silver, gold. and copper 
oxides in alkaline solution was quantitatively investigated by 
taking a weighed —— of each oxide corresponding to 
0-02 equiv. of available oxygen, allowing the reaction with 
200 c.c. of alkaline stock solution to proceed to completion, 
and measuring and analysing the gas evolved. The results 
expressed as efficiencies for reaction (1) were: Ag,O 38, Ag,O, 
50, Au,O, 40, Cu,O 107, and CuO 93%. 


Titration, in c.c. of 0-1N-KMn0g. 
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0 Catalytic Decomposition of Hydrogen Peroxide.—It-has 
0 20 40 60 ' 80 Joo een found that anodic polarisation decreases the activity 
Time (manutes) of platinum as a catalyst for hydrogen peroxide decom- 


: position (Spitalsky and Kagan, Ber., 1926, 59, 2905), but with 
lead it is known that the metal itself is a poor catalyst but it becomes very effective when oxidised. It appeared of 
interest, therefore, to ascertain whether the activity of the other metals used as anodes was markedly affected when they 
became coated with oxides, as happens in certain circumstances in the electrolysis of formaldehyde solutions. The 
metals were used in the form of the 20 sq. cm. electrodes, mounted vertically, and rotated at 430 r.p.m. in a solution of 
hydrogen peroxide in N-sodium hydroxide at 15°. The rate of decomposition of the hydrogen peroxide was followed by 
withdrawing 5 c.c. portions from time to time and titrating these, after acidification, with 0-1N-potassium permanganate. 
Two sets of experiments were carried out: in the first, the metals were prepared in the usual way and used, and in the 
second set they were subjected to anodic polarisation at 0-1 amp. in 0-01N-sodium hydroxide until covered with a visible 
oxide film before being used as catalysts. Theresults for silver, copper, and nickel are shown graphically in Fig. 4, in which 
titrations in c.c. of permanganate are plotted against the time in minutes, so that the steepness of each graph.affords a 
measure of the efficiency of the material as a catalyst for hydrogen peroxide decomposition. - 

It is apparent that in each case the coating of the metal with oxide enormously increases its activity as a catalyst for 
hydrogen peroxide decomposition. No graph for gold is shown, since it was found impossible to obtain any substantial 
oxide coating on anodic polarisation in sodium hydroxide alone, but it seems likely that the same conclusion will hold, 
since qualitative tests with a gold anode which had been used im the electrolysis of formaldehyde solutions and had 
become covered with a dark coating showed that in this state it was a much more vigorous catalyst for hydrogen peroxide 
decomposition than was the’clean metal. 


DIscussION, 


As the experimental investigation has shown, the phenomena associated with the electrolytic oxidation of 
formaldehyde are extremely complex, particularly as regards the number of possible anodic reactions and their 
complicated dependence upon the experimental conditions. The results lend no support to the view of Miiller 
et al. (loc. cit.) that any stage in the oxidation corresponds to the discharge of an anion derived from formaldehyde. 
Such a process could only conceivably occur in strongly alkaline solutions, since formaldehyde behaves as an 
extremely weak acid, and should be associated with a definite oxidation—geduction potential at the anode. 
Inspection of the C.D.—potential curves reveals ‘no such potential. Although it is true that many of the 
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electrodes show low potential stages, yet these appear to be specific to the electrodes rather than due to any 
definite oxidation reaction of the depolariser. The influence of C.D. is also directly contrary to that to be 
expected from the electrical mechanism since, if hydrogen formation is due to the interaction of pairs of 
discharged radicals, it might be supposed that this would be greatly favoured by rise of C.D. increasing their 
concentration at the electrode surface, whereas in practice the converse is found. Furthermore, the view 
fails to account for the progressive polarisation in electrolyses at constant C.D., the diminution of hydrogen 
production with rise of potential, the nature of the oxidation at the high-potential stages, and the whole of the 
results in neutral and acid solution. To summarise, therefore, any purely electrical mechanism is both 
inadequate:-and at variance with the experimental results, and it appears that the electrolytic oxidation of 
formaldelfyde must be essentially a chemical process; but no simple view postulating either oxygen or an 
oxide with the anode material as the effective oxidising agent, seems adequate to explain all the phenomena. 

Nearly all the results, however, can be accounted for if the view put forward in the previous parts of this 
series is adopted, viz., that the primary action at any anode in aqueous solution is the formation of hydrogen 
peroxide by the irreversible combination of discharged hydroxyl radicals. There will then be a number of 
possibilities. Part of the hydrogen peroxide first formed may oxidise the formaldehyde in its own characteristic 
way, but a portion will decompose to give oxygen and water, the amount depending upon the concentration 
and stability of hydrogen peroxide under the experimental conditions. The nascent oxygen formed by the 
decomposition of the hydrogen peroxide will itself act in several ways: part may form an oxide with the 
electrode. material which may react with the formaldehyde, a further portion may itself directly oxidise the 
formaldehyde, and the remainder will be evolved as gaseous oxygen. The accompanying scheme summarises 
the various possible reactions, and the extent to which each is likely to occur can be predicted from the 
experimental data. 

20H’ = 20H + 2e 


30 
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In acid solution hydrogen peroxide is relatively stable 4nd does not react very rapidly with formaldehyde. 
Hence there will be a very high local concentration of hydrogen peroxide at the anode surface, and the primary 
oxidation reaction should be that of hydrogen peroxide at high concentrations in acid solution; this, as has 
been pointed out, leads mainly to formic acid and water. Hence, at anodes which are poor catalysts for hydrogen 
peroxide decomposition the main product should be formic acid. At the same time a portion of the hydrogen 
peroxide will decompose, and the nascent oxygen formed may itself bring about a certain amount of oxidation 
to carbon dioxide and water, and the remainder should be evolved as gaseous oxygen. At anodes which are 
good catalysts for hydrogen peroxide decomposition, the fraction of the hydrogen peroxide decomposing 
should be greatly increased, and hence the efficiency of formic acid production should be much lower and that 
of disintegrative oxidation and oxygen evolution should be much higher. This is closely in agreement with the 
experimental results. Smooth platinum and gold (when free from oxide) are relatively poor catalysts for 
hydrogen peroxide decomposition and give fairly high efficiencies for formic acid production, whereas platinised 
platinum and lead when covered with dioxide, as tends to happen in the electrolysis, are excellent catalysts 
and give very small efficiencies. Since, as previously pointed out, platinised platinum greatly accelerates the 
oxidation of formaldehyde by oxygen, and lead dioxide can itself oxidise formaldehyde in acid solution, there 
is little oxygen evolution in these two cases. The position of the carbon anode is somewhat anomalous; in 
general, carbon in the massive form can only be regarded as a moderate catalyst for hydrogen peroxide decom- 
position and hence should give a fairly high formic acid efficiency, whereas that observed is extremely low; 
it seems likely that this anomalous result is connected in some way with the very low total efficiency of 
electrolysis and the fact that the carbon anode is itself seriously attacked. — 

In the neutral solution (whichbecomes slightly acid on electrolysis) essentially the same considerations will 
apply as in the acid electrolyte, but since hydrogen peroxide is less stable in neutral than in acid solution it would 
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be expected that the formic acid efficiency should be rather lower at all electrodes and that of disintegrative 
oxidation or oxygen evolution should be higher. This is in excellent agreement with the experimental results 
shown in Table I. It is noteworthy that lead dioxide does not react with formaldehyde in neutral solution, 
and hence considerable oxygen is here evolved instead of being used in oxidation. 

In alkaline solution hydrogen peroxide is much less stable than in acid or neutral solution, but this will be 
offset to a great extent by the fact that it reacts extremely rapidly with formaldehyde and the concentration 
of hydrogen peroxide at the anode will thus be kept relatively low. Hence, under conditions such that the 
decomposition of the peroxide is not markedly catalysed by the anode material, a moderate efficiency for the 
formation of the products of the action of hydrogen peroxide on formaldehyde in alkaline solution would be 
expected, and these are hydrogen and formic acid according to reaction (1). The nascent oxygen arising 
from the decomposition of the hydrogen peroxide will probably initially form oxides with the anode material, 
and these in general have been observed to react rapidly with the formaldehyde. Some of them, notably 
Ag,O, Ag,O,, Au,O;, Cu,O, and CuO, have been found to give large amounts of hydrogen in their action on 
formaldehyde, and in these cases therefore, under appropriate conditions, the efficiency of reaction (1) may be 
supplemented. The other oxides studied which react with formaldehyde but do not produce appreciable 
hydrogen probably give formic acid and water (2). Oxygen not utilised in oxide formation is likely to bring 
about oxidation first to formi¢ acid and ultimately to carbon dioxide and water (3), and since formaldehyde is 
very readily oxidised in alkaline solution, very little gaseous oxygen should be evolved (5). This gives in 
outline the various reactions which may take place, but their relative extents will depend very largely on the 
experimental conditions. For instance, it has been shown that the, metals, silver, gold, copper, and nickel 
are comparatively poor catalysts for the decomposition of hydrogen peroxide when free from oxides, but become 
extremely effective when covered with oxidelayers. Itis apparent, therefore, that C.D. will have a predominant 
effect on the electrolytic oxidation at these anodes. If it is sufficiently low, so that oxides are removed as fast 
as they are formed, by reaction with formaldehyde, then the results will be those to be expected for anodes 
which are poor catalysts for hydrogen peroxide decomposition, while if the C.D. is such that oxide removal 
cannot keep pace with its formation, then the results will be those for anodes which are good catalysts for 
hydrogen peroxide decompositions; in some cases a transition from one state to the other may take place 
during electrolysis as the oxide accumulates. The critical C.D. ranges will obviously differ widely for the 
different metals. Silver oxides react very rapidly with formaldehyde in alkaline solution, gold oxide rather 
more slowly, and with copper and nickel oxides the initial reaction is very slow; with silver and gold anodes, 
therefore, the critical C.D.’s should be high, while with copper and nickel a very low C.D. should be necessary 
to prevent oxide accumulation. It is furthermore apparent that, where a metallic oxide reacts only slowly with 
formaldehyde, this mode of oxidation may account for a substantial fraction of the current at low C.D.’s, 
while at high C.D.’s it may be negligible. The experimental results agree closely with these predictions. Of 
the anodes used, silver, gold, and copper give the greatest efficiencies for hydrogen production at low C.D.’s, 
since the actions of both the hydrogen peroxide and the metallic oxides lead to this product; the efficiencies 
decrease with increasing C.D., very sharply in the case of copper and least with silver as expected. Nickel 
in the unpolarised state gives a moderate efficiency for hydrogen formation which falls off abruptly with 
increasing C.D. Smooth platinum and carbon anodes, which are poor catalysts for hydrogen peroxide decom- 
position independently of C.D., give hydrogen in the ordinary C.D. range although the yields are smaller than 
might be expected; the anomaly with platinum, however, is readily explicable since it has been found (Wo6hler, 
Z. anorg. Chem., 1904, 40, 423) that the lower oxides of platinum readily oxidise gaseous hydrogen to water at 
room temperature, and hence, even if the initial efficiency for hydrogen formation is substantial, only traces of 


the gas are likely to be evolved. At platinised platinum and lead (which readily oxidises to the dioxide and goes . 


into solution) no hydrogen would be expected, since the decomposition of hydrogen peroxide is markedly 
catalysed, and none is found. : 

The present view provides a plausible explanation of the peculiar potential phenomena which have been 
observed. The hydrogen peroxide theory postulates that immediately hydroxyl ions are discharged at the 
anode the radicals combine irreversibly to give hydrogen peroxide, and hence the discharge potential of the 
hydroxy] ions will be very low. The actual observed potentials will be set up indirectly by electromotively 
active substances formed at the anode, and in the present case the most likely substance is oxygen. Since, 
however, oxygen itself reacts with formaldehyde, its rate of accumulation at the anode will be slow. At first 
it will tend to form an oxide with the electrode material, and this, if electromotively active, will set up its own 
potential. When the surface is saturated for this mode of oxygen attachment, any further oxygen accumulating 
at the anode may form a higher oxide, with consequent abrupt jump of potential to a new characteristic value, 
and ultimately there may be a rise to a potential corresponding to a very slow rate of oxygen evolution. Thus 
the general form of the potential phenomena will be as follows. The ultimate potential attained at high C.D.’s 
or on prolonged electrolysis will be a value corresponding to slow oxygen evolution for the anode material 
under consideration; preceding this there may occur one or more low-potential stages corresponding to form- 
ation of oxides at the electrode. The duration of these low-potential stages will depend upon the rate of 
oxygen accumulation, the rate of reduction of the oxides by formaldehyde, and the surface area of the anode. 
In alkaline solution where the oxides are readily reduced it would be expected that the low-potential stages 
should be more marked than in acid or neutral solution, as is the case. Where the oxides are reduced very 
readily or where the real surface of the anode is very large, the attainment of the oxygen evolution value may 
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necessitate extremely high C.D.’s; the first factor is apparently operative in the case of silver and gold anodes 
in alkaline solution, and the second factor with platinised platinum. The actual values of the low-potential 
stages will depend upon the dissociation pressures of the oxides, their concentrations in the metal (where solid 
solutions are formed), and the hydroxyl-ion concentration of the electrolyte. The potential phenomena will 
thus be characteristic of the anode material, not of the oxidation processes in which the formaldehyde is 
involved. Essentially similar phenomena have been observed in a number of other cases of electrolytic oxidation, 
e.g., thiosulphate, sulphite, methyl alcohol, and ethyl alcohol (see Glasstone and Hickling, Chem. Rev., 1939, 
25, 427, for fuller discussion). 

From the foregoing discussion it is apparent that the hydrogen peroxide theory affords an explanation 
of the main features of the electrolytic oxidation of formaldehyde. The actual mechanism of the oxidation 
of formaldehyde by hydrogen peroxide has not been specially considered, but only the end products to which 
it is known to give rise. It seems clear, however, from the work of Wieland and Wingler (loc. cit.) that 
bishydroxymethyl peroxide is an essential intermediate. The decomposition of this substance is very strongly 
accelerated by alkali to give hydrogen and formic acid, thus accounting for the rapidity of thé reaction of 
formaldehyde and hydrogen peroxide in alkaline solution, while in acid and neutral solutions the decomposition 
is much slower and tends here also to give formic acid and water, this reaction being particularly marked in the 
presence of excess hydrogen peroxide. 


UNIVERSITY COLLEGE, LEICESTER. (Received, December 1st, 1942.) 


34. Bromination of Diphenylalkanes and the Preparation of Some Stilbene 
Derivatives. Part II. $y-Diphenyl-n-butane. 


By H. J. BARBER, R. Srack, and A. M. WooLmaN. 


The method of bromination of aB-diphenylethane (Barber et al., this vol., p. 1) has now been extended to 
By-diphenyl-n-butane, and the preparation of 4: 4’-diamidino-af-dimethyistiibene accomplished. 


Tue therapeutic activity of 4 : 4’-diamidinostilbene (stilbamidine) has led to the investigation of homologous 
stilbene derivatives. The preparation of 4 : 4’-dicyanostilbene from «$-diphenylethane through its tetrabromo- 
derivative (Barber e# al., loc. cit.) suggested that a similar method might be used with the next higher homologue. 

Both the meso- (solid) and the racemic (liquid) form of fy-diphenyl-n-butane (I) were readily obtained from 
a-phenylethyl chloride and magnesium. 

Attempted brominations of the hydrocarbon in chloroform or nitrobenzene were unsuccessful, the hydro- 
carbon being either recovered unchanged or converted into a tar, but bromination in 95% acetic acid gave a 
mixture of 4 : 4’-dibromo-By-diphenyl-n-butane (II) and 4: 4’ : 8 : y-tetrabromo-By-diphenyl-n-butane (III). 

The tetrabromo-compound separated readily from the hot reaction mixture in a pure condition. When 
meso-By-diphenyl-n-butane was used, the more soluble meso-dibromo-compound crystallised from the mother- 
liquors on cooling; from the racemic hydrocarbon, a liquid dibromo-compound was isolated as a dark tarry 
liquid on dilution of the bromination liquors with water. This was contaminated with a small amount of (III) 
and could not be distilled until zinc dust reduction, followed by catalytic hydrogenation, had removed this 
impurity. When distillation was attempted without these precautions, decomposition of the contaminating 
material rapidly set in. 

The orientation of (II) was confirmed by the production of a small amount of the meso-compound from 
«-(p-bromopheny]l)ethyl chloride by the action of sodium. Further bromination of both meso- and dl-dibromo- 
diphenylbutanes was not achieved. This was in marked contrast to the behaviour of dibromodiphenylethane, 
which can be further brominated in the «$-positions in glacial acetic acid solution (/oc. cit.). In further contrast 
to the bromination of diphenylethane no 2 : 4’-dibromo-product has been obtained from numerous brominations 
in this series and, apart from the three compounds already reported, only a small amount of a hexabromo- 
derivative has on one occasion been isolated. 

Reduction of 4: 4’ : 8 : y-tetrabromo-fy-diphenyl-n-butane with cuprous salts in pyridine did not proceed 
satisfactorily, but reduction with zinc dust in glacial acetic acid was rapid, a mixture of cis- and 
trans-4 : 4’-dibromo-aB-dimethylstilbenes (IV) being produced. 

The proportion of cis- to trans-isomer may depend on the configuration of the tetrabromo-compound ; 
the latter is presumably a mixture of the meso- and the racemic form and a preponderance of the meso-form 
would give a larger proportion of cis-stilbene (cf. reduction of the low-melting form of «$-dibromo-«$-diphenyl- 
ethane to give iso-stilbene; Otto and Stoffel, Ber., 1897, 830, 1799). 

The conversion of cis-dibromodimethylstilbene into the higher-melting trans-form was accomplished by 
heating in nitrobenzene solution containing a trace of iodine (Ruggli, Helv. Chim. Acta, 1937, 20, 39), or by the 
addition of hydrogen bromide to give 4: 4’ : B-tribromo-By-diphenyl-n-butane (V), followed by thermal decom- 
position. This method of eliminating a molecule of hydrogen bromide was preferable to treatment with alcoholic 
potash, which gave an oil. 

Attempts to prepare the stilbene directly from (II) by catalytic dehydrogenation failed. 

Both cis- and trans-dibromodimethylstilbene were oxidised by chromic acid to p-bromobenzoic acid and on 
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catalytic reduction the cis-form readily absorbed two atoms of hydrogen to give meso-4 : 4'-dibromo-fy-diphenyl- 
n-butane. trans-Dibromodimethylstilbene could not be reduced catalytically. Similarly, the cis-compound 
took up two atoms of bromine instantaneously to give (III), but the trans-form did not absorb bromine in the 
cold. 

The conversion of (II) (both forms) and (IV) (évans-form) into the corresponding nitriles was effected by 
heating with cuprous cyanide in pyridine (cf. B.P. 543,204), but the product from cis-4 : 4’-dibromo-«$-dimethyl- 
stilbene was a thick gum which resisted purification. Only moderate yields (47%) were obtained in the case of 
the stilbene, but the substitution of quinoline for pyridine effected a marked improvement, the best results 
being obtained when a mixture of cuprous cyanide and (IV) was fed slowly into the boiling solvent. We 
attribute the poor yields obtained by the usual method to the formation of a stable metallic complex between 
the nitrile initially formed and unconverted cuprous cyanide. 

An attempt to brominate meso-4 : 4'-dicyano-By-diphenyl-n-butane in glacial acetic acid was unsuccessful. 

We have not isolated any 4-bromo-4’-cyano-«f-dimethylstilbene from this cyanation reaction, but by analogy 
with the unsubstituted stilbene it is presumably formed as an intermediate. trans-4 : 4'-Dicyano-«$-dimethyl- 
stilbene did not absorb bromine in the cold to give Sy-dibromo-4 : 4’-dicyano-fy-diphenyl-n-butane. 

The two 4: 4’-diamidino-fy-diphenyl-n-butanes and trans-4 : 4'-diamidino-af-dimethylstilbene have been 
prepared and the activity of the last against T. congolense is extremely promising (Fulton and Warrington- 
Yorke, Ann. Trop. Med. Parasit., 1942, 36, 131). The investigations are continuing. 


EXPERIMENTAL. 


Phenylmethylcarbinol.—This was prepared in 68% yield from benzaldehyde by a method essentially that described 
by Grignard (Zentr., 1901, II, 623), and also, in 95% yield, as follows: Acetophenone (40 g.) in methanol (100 os} 
was reduced catalytically at 30 atms. in the presence of Raney nickel (1-5 g.). Reduction was complete (95% uptake 
in 35 minutes, the maximum temperature attained being 60°. After removal of the catalyst and solvent the residue was 
vacuum-distilled, b. p. 92—93°/16 mm.; yield, 39-6 g. 

By-Diphenyl-n-butane (cf. Engler and Bethge, Ber., 1874, 7, 112).—a-Phenylethy] chloride (118 g.) in dry ether (300 c.c.) 
was added to magnesium (10 g.) in ether (100 c.c.) at such a rate that the mixture boiled vigorously. Refluxing was 
continued overnight and after the reaction mixture had been worked up in the known manner the solvent was removed 
and the residue distilled. The distillate (63 g.), b. p. 132—134°/1 mm., was boiled with methanol (100 c.c.), from which the 
solid (meso-)hydrocarbon separated in white plates (23 g.) (24-5%), m. p. 124° (lit., 125—126°). Removal of the methanol 
from the mother-liquor left the crude racemic hydrocarbon, which was purified by fractional distillation, b. p. 153— 
156°/14 mm.; yield, 38 g. (38-6%) (Found: C, 91:0; H, 8-0. Calc. for C,,H,,: C, 91-4; H, 8-6%). 

4:4’: B: y-Tetrabromo-By-diphenyl-n-butane.—meso-By-Diphenyl-n-butane (20 g.) was suspended in glacial acetic 
acid (208 c.c.) and water (7-8 c.c.), bromine (93 g.) added, and the whole refluxed for 4 hours. The mother-liquor was 
decanted, and the heavy sandy crystals of the tetrabvomo-compound washed three times with boiling glacial acetic acid and 
finally with water; yield 13 g. (25%); m. p. 178—185° (decomp.) (Found: C, 36-5; H, 2-5; Br, 61-5. C,,H,,Bry 
requires C, 36-5; H, 2-7; Br, 60-8%). 

An identical tetrabromo-compound (58-5 g.), m. p. 170—180° (decomp.), was obtained in a similar manner from 100 g.. 
of the racemic hydrocarbon. 


meso-4 : 4’-Dibromo-By-diphenyl-n-butane.—The acid liquors resulting from the bromination of meso-By-diphenyl- 


‘n-butane were cooled, and the crystalline deposit recrystallised from glacial acetic acid, giving the pure dibromo-compound, 


m. p. 160—161°; yield 11 g. (31%) (Found: Br, 43-3. C,,H,,Br, requires Br, 43-6%). 

dl-4 : 4’-Dibromo-By-diphenyl-n-butane.—The acid liquors from the bromination of the racemic hydrocarbon were 
diluted with water to about 2 1., zinc dust (10 g.) added, and the mixture heated on the steam-bath (mechanical stirring) 
for 30 mins. The oil was extracted with ether, washed, dried, and hydrogenated for 1 hour at 50 Ib. per sq. in., Adams’s 
platinum catalyst being used. The solvent was then removed, and the residue vacuum-distilled to give the dl-dibromo- 
compound as a pale yellow oil, b. p. 166—171°/0-3—0-4 mm.; yield 60 g. (34-5%) (Found : Br, 44-0%). 

a-(p-Bromophenyl)ethyl Alcohol.—The method of preparation was essentially that of Ziegler and Tiemann (Ber., 1922, 
55, 3406). Some of the carbinol lost water on distillation to give a mixture of. p-bromostyrene, m. p. 114—115°, and the 
required carbinol, b. 2 127—130°/11—12 mm.; yield, 27 g. The urethane (recrystallised from alcohol) had m. p. 
103—104° (Quelet, Bull. Soc. chim., 45, 75, gives m. p. 103—104°). - 

a-(p-Bromophenyl)ethyl Chloride——The above alcohol (25 g.) was cooled to 0°, thionyl chloride (15-8 g.) added in 
portions of 0-5 c.c., the mixture heated on the steam-bath for if hours, poured on ice, and stirred for 30 minutes, and the 
product separated, washed till neutral with sodium carbonate solution, dried (calcium chloride), and distilled to give a 
pinkish pungent oil, b. p. 115—120°/11—12 mm.; yield, 22 g. (81%). ‘ 

Condensation of Speco iets Chloride in Presence of Sodium.—The chloride (22-0 g.), which would not react 
with magnesium in ether, was refluxed with sodium wire (1-8 g.) in dry benzene for 60 hours. The solution was then 
filtered, the solvent removed, and the product fractionated. The fraction distilling at 100—200°/12 mm. (2 g.) was 
treated with 30 c.c. of boiling methanol, from which sparkling prisms were deposited (0-3 g.), m. p. 155°, identical with 
meso-4 : 4’-dibromo-By-diphenyl-n-butane. 

Reduction of 4:4’: B: y-Tetrabromo-By-diphenyl-n-butane with Zinc.—Unsuccessful attempts were made to 
dehydrogenate 4 : 4’-dibromo-fy-diphenyl-n-butane with palladised charcoal at 300° or with copper chromite in boil 
nitrobenzene and to reduce 4: 4’: £ : y-tetrabromo-fy-diphenyl-n-butane with cuprous chloride in pyridine at 200 
or with cyanide in boiling quinoline. 

The following experiments, carried out with different samples of 4: 4’ : B : y-tetrabromo-fy-diphenyl-n-butane, 
illustrate the wide variation in the results obtained. 

_ (a) 4:4’: B: y-Tetrabromo-fy-diphenyl-n-butane (4-6 g.) was suspended in boiling glacial acetic acid (25 c.c.), and 
zinc dust (1-0 g.) cautiously added. After refluxing for 15 minutes, the liquor was decanted into water. The oil obtained 
rapidly solidified; it crystallised from alcohol (20 c.c.) in white prisms (2-27 g.), m. p. 90—92°, of cis-4 : 4’-dibromo- 
aB-dimethylstilbene (Found : Br, 43-7. C,,H,,Br, requires Br, 43-7%). ie aie 

b) 4:4’: B: y-Tetrabromo-fy-diphenyl-n-butane (288 g.) was suspended in glacial acetic acid (1 1.) and reduced as 
before with zinc dust (50 g.). The solid obtained by decantation into water was dried, washed with ether, and recrystal- 
lised from glacial acetic acid, from which it was obtained in yellow plates (115 g.), m. p. 125—128° (Found : Br, 44-0%). 


The ethereal washings contained the cis-compound contaminated with some of the ¢rans-form. 
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Oxidation of the stilbenes obtained from (a) and (b) with chromic acid in acetic acid gave p-bromobenzoic acid, m. p. 
250°, in 67% yield from the cis- and 72% yield from the tvans-compound. 

Conversion of cis-4 : 4’-Dibromo-aB-dimethylstilbene into the trans-Form.—The cis-compound (0-1 g.) was refluxed in 
nitrobenzene (1-0 c.c.) containing a trace ofiodine. Slow crystallisation produced a yellow solid (0-07 g.), m. p. 125—126°, 
not depressed by authentic ¢vans-dibromodimethylstilbene. = 

4:4’: B-Tribromo-By-diphenyl-n-butane.—A solution of cis-4 : 4’-dibromo-af-dimethylstilbene (30-3 g.) in dry chloro- 
form (180 c.c.) was saturated with dry hydrogen bromide at 0°, the solvent removed under reduced pressure at 35—40°, 
and the residual solid triturated with glacial acetic acid (30—40 c.c.), washed, and dried in a vacuum. The tribromo- 
compound separated from glacial acetic acid in white rhombs (29 g4 m. p. 112—115° (decomp.) (Found: Br, 53-9. 
C,,H,;Br, requires Br, 53-8%). 

Thermal Decomposition of 4 : 4’ : B-Tribromo-By-diphenyl-n-butane.—The compound (25 g. in 5 g. portions) was heated 
at 150—200° for 10 minutes with constant stirring. The melts were washed out with boiling glacial acetic acid (200 c.c. 
in all); this was treated with charcoal and filtered hot. trans-4 : 4’-Dibromo-af-dimethylstilbene (15 g.) separated on 
cooling, m. p. 125—126°, 

Catalytic Reduction of cis-4 : 4’-Dibromo-aB-dimethylstilbene.—The compound (1-8 g.) was dissolved in acetone (50 c.c.) 
and treated with hydrogen in the presence of platinum catalyst (0-1 g.) for 2—3 minutes, the solution filtered, and the 
solvent distilled. Crystallisation of the residue from alcohol gave slightly impure meso-4 : 4’-dibromo-fy-diphenyl- 
n-butane, m. p. 151—153°. ' 

Addition of Bromine to cis-4 : 4’-Dibromo-aB-dimethylstilbene.—The compound (0-8 g.) was dissolved in chloroform 
(5 c.c.), and bromine (0-4 g.) in chloroform (5 c.c.) added. There was an immediate uptake of bromine. The solvent was 
removed at 30°, and the residue recrystallised twice from chloroform—alcohol; m. p. 170—175° (decomp.). 

dl-4 : 4’-Dicyano-By-diphenyl-n-butane.—dl-4 : 4’-Dibromo-By-diphenyl-n-butane (55 g.) was heated with cuprous 
cyanide (33 g.) and pyridine (40 c.c.) at 190—205° (internal temperature) for 2} hours. After dilution with pyridine 
(40 c.c.) the mixture was poured into concentrated hydrochloric acid (140 c.c.). The resulting gum was extracted with 
ether, and the extracts washed until neutral, dried, and distilled. The dinitrile was a pale yellow oil, b. p. 190—200°/1 mm. 
(Found: N, 10-4, 10-5. C,,H,,N, requires N, 10-75%). : 

meso-4 : 4’-Dicyano-B -diphenyl-n-butane.—meso-4 : 4’-Dibromo-By-diphenyl-n-butane (5-0 g.) was heated with 
cuprous cyanide (3-0 g.) and pyridine (5 c.c.) for 2 hours at 160—190° (internal temperature), the mixture poured into 
concentrated hydrochloric acid, and the dimitrile filtered off, washed with hydrochloric acid and water, dried, and 
a 6%) from glacial acetic acid; m. p. 196—198°; yield 2-47 g. (70%) (Found: N, 10-7. C,sH,,.N, 
requires N, 10-75%). 

4: 4’-Dicyano-aB-dimethylstilbene.—trans-4 : 4’-Dibromo-af-dimethylstilbene (10° g.) and cuprous cyanide (5-4 g.) 
were fed slowly into boiling quinoline (30 c.c.). Refluxing was continued for 20 minutes, and the mixture poured into 
hot concentrated hydrochloric acid (100 c.c.). The granular solid which separated was collected, washed with hydro- 
chloric acid and water, dried at 100° in a vacuum, and sublimed at 240°/1 mm. The sublimate crystallised from glaciai 
acetic acid in buff-coloured needles, m. p. 216°; yield 5-3 g. (74%) (Found: N, 10-9. C,,H,,N, requires N, 10-85%). 

4 : 4’-Diamidino-By-diphenyloutane.—(1) The meso-form was obtained in the usual way through the imino-ether 
hydrochloride (10 days) in 71% nf gid. The amidine dihydrochloride crystallised from acidified water in heavy rhombs 
(Found : N, 13-6, 13-8. C,,H,.N,,2HCI1,H,O requires N, 13-8%). 

(2) The racemic form was obtained in the usual way through the iminoether hydrochloride. The amidine hydro- 
chloride could not be isolated directly, but the sulphate was precipitated from a hot solution of the hydrochloride by 
sulphuric acid, separating as a microcrystalline powder. By treatment of the sulphate with barium chloride, filtration, 
and De We 148%) acetone the dihydrochloride was obtained in a crystalline form (Found: N, 14-4.. C,,H,,N,,2HCI 
requires N, 14-8%). ‘ 

trans-4 ; 4’-Diamidino-af-dimethylstilbene was obtained in the usual way through the iminoether hydrochloride 
(7 days). The amidine dihydrochloride was we gre in yellow needles from hot acidified water, by addition of con- 
centrated re acid (Found : N, 13-8; Cl, 17-5; loss in weight at 2-0 mm., 9-4. C,,H,)N,,2HC1,2H,O requires 
N, 13-95; Cl, 17-7; H,O, 9-0%). 


_ Our thanks are due to Messrs. S. Bance and d: P. Heward for the analyses and to Mr. C. H. Fawcett for assistance 
with many of the preparations. We are also indebted to the Directors of Messrs. May & Baker Ltd. for permission to 
publish these results. 
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35. Some Sulphonyl Derivatives of Amidines and Imino-ethers. 
By H. J. BarBer. 


Some sulphonyl derivatives of imino-ethers have been prepared and converted into the corresponding 
amidines, which can exist in two isomeric forms. 


Tue structure associated with the therapeutic activity of sulphonamides of heterocyclic derivatives such as 
sulphapyridine, sulphathiazole, and sulphadiazine is p-NH,°C,H,-SO,"NH’C:N-. Sulphonyl derivatives of 
amidines have this structure with the sole difference that the second nitrogen atom is not a member of a 
heterocyclic system. Preliminary indications from the biological point of view were unfavourable, and this 
line of work was therefore not pursued far, being abandoned early in 1939 when these experiments were carried 
out. The recent patent of J. R. Geigy A.-G. (B.P. 538,822), which covers similar ground, now makes publication 
of these results desirable. Geigy claims the conversion of benzenesulphonyl acylamides and arylamides 
(I, R = C,H,-NO, or C,H,-NHAc) into the imino-chlorides (II), which give the amidines (IIT). 


R-SO,'N:CR,Cl R-SO,N:CR, ‘NH, 
This type of reaction was discovered 83 years ago by Gerhardt, who described the preparation of 
N-benzenesulphonylbenzamidine (III; R, R, = Ph) and N-p-toluenesulphonylbenzamidine (Amn. Chim. 
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Phys., 1858, 58, 303). Wolkowa (Ber., 1872, 5, 141) also prepared these compounds. In these laboratories, 
G. Newbery (unpublished communication) prepared 4-acetamidobenzenesulphonylbenzamidine (III; 
R = C,H,-NHAc, R, = Ph) by direct condensation of the sulphonyl chloride with the amidine at first in 
pyridine solution. Pyridine as a condensing agent was unsatisfactory and gave poor yields, presumably 
because amidines are generally much stronger bases than pyridine. Geigy, however, described this method. 
Aqueous sodium hydroxide gave excellent yields, acetone solutions or suspensions of the two reagents being 
used. Newbery also submitted his product to hydrolysis, mild conditions giving the sulphanilylbenzamidine 
(III; R = C,H,’NH,, R, = Ph) and more drastic treatment the sulphanilylbenzamide (I). 

Sulphony] imino-ethers of the type (IV) were obtained by condensation of sulphonyl chlorides with imino- 
ether bases. Again pyridine was not a satisfactory condensing agent, and the best method found was to employ 
two molecules of the imino-ether base. The reaction was not quite simple and, since the amide type (I) was 
also obtained, it is possible that the reaction may proceed in two directions, viz. : 


(a) R-SO,Cl + 2R,-C(OEt)!NH = R-SO,‘N:CR,-OEt + R,-C(OEt):NH,HCI 
(b) R:SO,Cl + R,-C(OEt):NH = R-SO,-NH-COR, + EtCl 


These sulphonyl imino-ethers reacted with ammonia to give the expected sulphonyl amidines, but in certain 
cases it was possible to isolate an unstable form of amidine which was very easily converted into the stable 
form identical with that obtained by condensation of the amidine and the sulphonyl chloride. It is suggested 
that the two forms may be represented by (III) (unstable) and R-SO,-NH-CR,:NH (V) (stable). 

Isolation of isomeric pairs of amidines had hitherto only been achieved in cases where all the hydrogen 
atoms have been fully substituted (cf. Sidgwick, “‘Organic Chemistry of Nitrogen,”’ p. 156) and some confirmation 
of the proposed structures was therefore sought. _ 

Hydrolysis of the two forms might take place differently, (III) giving R‘SO,-NH, + R,-CO*NH, and (V) 
giving R‘SO,,NH-COR, + NH;. The ease with which the labile isomer passed into the stable form precluded 
definite conclusions being drawn, but, since some sulphonamide was usually formed from the labile amidine 
(III) whereas the stable form (V) was hydrolysed exclusively to the mixed amide (I), the evidence is in favour of 
the above interpretation of the isomerism. ; 

The sulphonyl amidine (V; R = C,H,-NO,, R, = Ph) underwent a remarkably smooth decomposition 
on heating, sulphur dioxide being lost and 4-nitrophenylbenzamidine being formed. The isomeric form 
corresponding to (III) appeared to be less readily decomposed, but, as isomerisation to the stable form was 
probably proceeding rapidly at the somewhat high temperature of desulphoxylation, the distinction was not a 
sharp one. The sulphonyl imino-ether (IV; R = C,H,-NO,, R, = Ph) having a similar structure does not 
desulphoxylate in this way, but is extremely stable to heat. 

It was thought that a rearrangement of sulphonyl imino-ethers similar to that investigated by Chapman 
(J., 1925, 127, 1992) might be induced : 


R-C(OR,):NR, —-> R-CO-NR,R, 
R-SO,*N:CR,-OR, —-> R-SO,-NR, COR, 


In the case of acetanilide-p-sulphonylbenzimino-ether (IV; R, = C,H,-NHAc, R, = Ph) a change occurred 
on melting, the original compound, m. p. 100—102°, being transformed into one, m. p. 136—137°, having 
different physical properties but reacting in the same way with ammonia as the lower-melting form. This is 
probably a case of dimorphism. Similar changes have not been observed with other sulphonyl imino-ethers 
and no suggestion of structural rearrangement was found experimentally with the different types examined. 

Mumme and Hesse (Ber., 1910, 48, 889) have shown that imino-chlorides react with sodium salts of carboxylic 
acids to give imino-esters : 


+ R,CO,Na —-> RN‘CR,-O-COR, ——> R-‘N(COR,)°COR, 
R-N:CR,Cl + R,"SO,Na —> —> R-N(COR,)-SO,R, 
The analogous case for sulphonic acids is shown in the second scheme. 
An attempt to realise the latter hypothetical reaction was made in the case where R = Ph, R, = Ph, and 
R, = C,H,-NO,. Under the conditions needed to promote reaction, more complex changes occurred; benzoyl 
chloride was evolved and the main product was the p-nitrobenzenesulphonate of N N’-diphenylbenzamidine : 
Ph-N:CPhCl + NO,°C,H,’SO,Na —-> + Ph-COCI. 


Various compounds were prepared in endeavours to identify this product. 


Barber : 


EXPERIMENTAL. 


4-Nitrobenzenesulphonyl Chloride.—Technical p-nitrochlorobenzene (400 g.) was dissolved in boiling alcohol (1400 c.c.), 

and a solution of sodium disulphide, prepared by dissolving sulphur (21 g.) in molten hydrated sodium sulphide (80 g.), 
run in at such a rate as to maintain a vigorous reaction; the mixture was boiled for a further 4 hour. After cooling, 
the disulphide was washed with alcohol and with water and suspended in a mixture of acetic acid (1300 c.c.) and water 

* (200 c.c.) in a deep 2 1. vessel, and a rapid stream of chlorine passed in. The temperature rose rapidly to about 75° 
and after about 14 hours nearly complete solution was obtained. The hot solution was filtered and added to water 
(101.). The sulphonyl chloride solidified at once and was washed with water and dried ina vacuum. It then contained 
about 20% of 4 : 4’-dinitrodiphenyl sulphoxide and was used for certain preparations where this impurity could readilye 
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be removed—p-nitrobenzenesulphonamide, for =a. Crystallisation did not give an economical and complete 
purification. istillation gave the pure sulphonyl chloride (268 g.), m. p. 79—80°, b. p. 143—144°/1-5 mm. This 
preparation was carried out repeatedly with success, but on one occasion spontaneous decomposition set in early in the 
course of distillation. This was attributed to the presence of p-nitrobenzenesulpheny] chloride occluded in the sulphonyl 
chloride and arising through incomplete oxidation at the chlorination stage. Appropriate precautions were always 
taken when carrying out this distillation. 

4-Nitrobenzenesulphonylbenzimino-ether.—Benziminoethyl ether (75 g.) was added to a solution of 4-nitrobenzene- 
sulphonyl chloride (55 g.) in dry acetone (150 c.c.) and left overnight at 30—35°. The benzimino-ether hydrochloride, 
which separated almost quantitatively, was removed, and the acetone solution evaporated to a syrup, which crystallised. 
on addition of alcohol. The product, recrystallised frpm alcohol, formed slender prisms, m. p. 129—130°. Yield, 
55—60% (Found: N, 8-5. C,,;H,,0,;N,S requires N, 8-4%). 

N-4-Nitrobenzenesulphonylbenzamidine (B.P. 538,822, p. 5).—(a) Benzamidine hydrochloride (1-9 g.), suspended in 
acetone (10 c.c.), was treated with sodium hydroxide (0-8 g.) in water (2 c.c.), a solution of 4-nitrobenzenesulphonyl 
chloride (2-2 g.) in acetone (10 c.c.) added, and the whole vigorously shaken for about 10 minutes. Water (100 c.c.) 
was then added and the required amidine crystallised (yield 2-7 g., 88%). It formed heavy diamond plates from alcohol, 
m. p. 179° (decomp.) (Found : N, 13-9. C,3H,,0O,N;S requires N, 13-8%). 

(b) 4-Nitrobenzenesulphonylbenzimino-ether (1-0 g.) was suspended in alcohol (50 c.c.), 6% alcoholic ammonia 
(20 c.c.) added, and the whole stirred. The solid rapidly dissolved and the product soon began to separate in clusters of 
small prisms. These were collected after about 5 minutes. If left longer, the much denser crystals of the other form 
began to appear and eventually the change was complete. It was conveniently followed on a microscope slide. The 
product first obtained had m. p. 159—165° after preliminary softening (Found: N, 13-8%). Recrystallisation from 
alcohol, if carried out rapidly, did not affect the m. p. or crystalline form, but prolonged boiling produced the higher- 
melting form. The most striking difference between the two isomers was the difference in the ease of decomposition. 
The isomer of lower m. p. decomposed only at 195—200°, whereas the isomer of higher m. p. decomposed rapidly at or 
immediately above its m. p. 

Action of Heat on N-4-Nitrobenzenesulphonylbenzamidine.—0-4 G. was heated in a glycerol bath at 200° until evolution 
of sulphur dioxide had ceased. The product (0-3 g., 95%), which solidified on cooling, crystallised from alcohol in short, 
heavy, ioral prisms, m. p. 167—168°, having all the properties of an amidine (Found: N, 17-7. C,;H,,0,N; requires 
N, 17-4%). 

hydrochloride (7-9 g.) was suspended in pyridine 
(20 c.c.), acetanilide-p-sulphony] chloride (9-6 g.) added, and the mixture stirred at 70° until a clear solution was obtained. 
The product, which separated when poured into water (400 c.c.), crystallised from 50% alcohol in colourless short prisms, 
m. p. 100—102° (Found: N, 8-35. C,,H,,0,N,S requires N, 8-1%). 

When the above product was kept at 110—120° for a few minutes, resolidification set in. The product after 
recrystallisation from alcohol then had m. p. 136—137° (Found: N, 8-35%). This form was less soluble in alcohol 
and crystallised in a much denser form than the form of lower m. p. It appeared to react more slowly with alcoholic 
ammonia. 

4-Acetamidobenzenesulphonylbenzamidine.—a-Form. 4-Acetamidobenzenesulphonylbenzimino-ether, a-. or f-form 
(1-0 g.), was suspended in alcohol (5 c.c.), and 10% ethyl alcoholic ammonia (1 c.c.) added. On stirring, the ether rapidly 
dissolved and the solution was at once cooledinice. The product (0-5 g., 55%) separated in small prisms and was collected 
after a few minutes. This product melts at 180—185°, the behaviour varying considerably with the rate of heating. 
It is probable that isomerisation is proceeding during heating. If the substance is placed in the bath at 185—187°, 
it melts sharply to a clear liquid (Found : N, 13-3. C,;H,,;0,N;S requires N, 13-5%). 

This isomer can be recrystallised from alcohol or acetic acid without change of ee but is converted into the isomer 
of — = p. by alcoholic ammonia. The change from the light prismatic form to heavy rhombic form can readily 
be followed. 

The B-form, m. p. 208—210°, was obtained by more prolonged action of alcoholic ammonia as above. This was 
identical with the product obtained on condensation of acetanilide-p-sulphony] chloride with benzamidine by G. Newbery, 
to whom I am indebted for samples and information. 

4-Aminobenzenesulphonylbenzimino-ether.—4-Nitrobenzenesulphonylbenzimino-ether (3-3 g.), dissolved in acetone 
(60 c.c.), was reduced with hydrogen (at 2 atm. and room temperature) in presence of platinum oxide catalyst (0-1 g.). 
The theoretical uptake was usually obtained in about 15 minutes. After removal of catalyst and solvent the residue was 
crystallised from benzene (prisms) and then from alcohol. The-yield from a number of such operations was 75%; 
m. p. 98° (Found: N, 9-3. C,,H,,0,N,S requires N, 9-2%). 

4-Aminobenzenesulphonylbenzamidine.—Treatment of the imino-ether with alcoholic ammonia under conditions similar 
to those employed in the other cases gave an a-form, m. p. 155—160°. It melted incompletely if heated slowly, but melted 
completely if placed ini a block at 170° or above (Found: N, 15-3. C,,;H,90,N,S reauires N, 15-3%). The f-form, 
m. p. 205—207°, was identical with the product obtained by Newbery (Found : N, 15-0%). 

4-Nitrobenzenesulphonylacetimino-ether.—Acetimino-ether (11 g.) was added to 4-nitrobenzenesulphonyl chloride 
(14 g.) dissolved in ether (60 c.c.), and the mixture kept overnight at about 25°. The acetimino-ether hydrochloride 
which separated (5 g.; calc., 7-8 g.) was removed, and the ethereal solution evaporated. The residue was recrystallised 
rapidly from alcohol (20 c.c.). Yield 5 g., m. p. 87—88° (Found: N, 10-4. C,9H,,0,N,S requires N, 103%). In an 
experiment where the reaction was carried out in boiling ether most of the product was 4-nitrobenzenesulphonacetamide, 
m. p. 194°. 

Interaction of N-Phenylbenzimino-chloride and Sodium 4-Nitrobenzenesulphonate.—The imino-chloride (5 g.) and the 
sodium salt (6 g., dried at 115° to constant weight) were intimately mixed and heated gradually to 180°; benzoyl chloride 
then began to distil. After 1} hours the mixture was cooled and lixiviated with a little water and ether. The 
NN’-diphenylbenzamidine p-nitrobenzenesulphonate, after crystallising twice from alcohgh(short heavy prisms), had m. p. 
240—241°. Yield 1-1 g. (Found : C, 63-1, 62-8; H, 4-4 4-35; N, 8-8. C,,H,,0,N,S requires, C, 63-1; H, 4-5; N, 88%). 
On treatment with cold sodium hydroxide solution this substance yielded diphenylbenzamidine, m. p. 145—147°, 
by an authentic specimen. 

N-p-Nitrobenzenesulphonyl-o-phenylbenzimino-ether.—4-Nitrobenzenesulphonylbenzimino-chloride (m. p. 164—165°. 
Geigy, loc. cit., gives m. p. 160—162°) (3-25 g.) was added to a solution of sodium hydroxide (0-5 g.) in phenol (5 g.) at 
40°. Reaction was immediate and was completed by warming for 20 mins. at 100°. After cooling, the mixture was 
treated with water and made alkaline with sodium hydroxide. The crystalline product was collected, washed with water, 
and dried. Yield, 3-75 g. It formed short heavy prisms from acetone, m. p. 173—174° (Found: C, 60-0; H, 3-9; N, 
7:35. CygH,,O,;N,S requires C, 59-7; H, 3-7; 73%). On heating at various temperatures no change of m. p. was 
observed. At 280—285° decomposition set in with some evolution of sulphur dioxide. 

Di-4-nitrobenzenesulphonanilide.—4-Nitrobenzenesulphonyl chloride (2-2 g.) was heated with sodium-4-nitrobenzene- 
' sulphonanilide (3-0 g.) for 1 hr. at 150—200°. The solid product was triturated with water made alkaline with sodium 


. » 
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hydroxide. It formed heavy prisms from pyridine, m. 264° (Found: N, 9-1. C,,sH,s0,N3S, requires N, 9-1%), 
This substance was remarkable in that it could be recrys unchanged from boiling concentrated nitric acid. 


I am indebted to Mr. S. Bance for the analyses and to the Directors of Messrs. May & Baker Ltd. for permission to 
publish these results. 


RESEARCH Division, May & BAKER LIMITED, DAGENHAM. [Received, January 7th, 1943.} 


36. Dissociation Pressures of Compounds of Ammonia and Trideuterammonéa 
with some Metallic Salts. 


By A. B. Hart and J. R. ParTINGTON. 


Measurements of the dissociation pressures of eames unds of ammonia and trideuterammonia with eleven 
metallic salts, viz., CaCl,, CaBr,, BaBr,, FeCl,, NiCl,, MnCl,, LiCl, LiBr, Lil, NaI, CuSO,, are described, and 
from the results the heats of decomposition of the various ammines and deuterammines are calculated. 
In all, 64 systems of the type M,4N(H or D); = M,yN(H or D), + (¥ — y)N(H or D); have been observed in 
the temperature range —50° to 300°. The effect of isotopic replacement is demonstrated and briefly discussed. 
The densities of NiCl,,6NH, and NiCl,,6ND, have been accurately measured in order to demonstrate the 
molecular volume isotope effect. 


THE addition compounds (ammines) of ammonia and anhydrous salts vary considerably in stability, and may 
be divided roughly into two classes : (a) those stable in aqueous solution, and (b) those decomposed by water. 
Compounds of the second type are generally ammines of uni- and bi-valent metals, ¢.g., NiCl,,6NH;, 
FeCl,,6NH;, CaCl,,8NH,, CuCl,3NH,, and CuSO,,5NHs, and at ordinary temperatures are mostly in equilibrium 
with pressures of ammonia of the same order as the dissociation pressures of the hydrates: There are gradations 
of stability, and NiCl,,6NH, and the corresponding-ammines of the bivalent transition elements, for example, 
can exist in aqueous solution in presence of a large excess of ammonia. The ammines in which we are interested 
range in stability from this nickel compound to BaCl,,8NH;, which at 20° has a decomposition pressure of 
2 atm. 

The dissociation pressures of compounds of ammonia with the halides of silver and the chlorides of 
magnesium, calcium, zinc, and mercury were measured by Isambert (Compt. rend., 1868, 66, 1259; 1878, 
86, 968), who also determined the heats of dissociation calorimetrically. The heat of dissociation of the 
compound of ammonia with silver chloride was calculated by Horstmann (Ber., 1876, 9, 749) from the slope 
of the pressure-temperature curve (Ap /AT). 

Measurements of limited scope on ammines of various salts were made by several workers (Bonnefoi, Ann. 
Chim. Phys., 1901, 28, 317; Baud,- Compt. rend., 1901, 132, 553; Girardet, Bull. Soc. chim.; 1910, 7, 1028), 
and systematic investigations by Ephraim (Z. physikal. Chem., 1913, 81, 513; Ber., 1919, 52, 940), who 
showed that the stability of an ammine, as measured by the temperature at which it gives a pressure of 
100 mm.., is inversely proportional to the atomic volume of the metal atom. 

Ephraim and Miiller (Ber., 1921, 54, 973), with hexammines of nickel salts with MoO,’’, WO,’”, CrO,”, 
SeO,” and SO,”, found that the anion with the largest molecular volume gives the most stable complex. 
Ephraim | and Bolle (Ber., 1915, 48, 638) found that nickel salts of univalent anions show decreasing stability 
in the ordet ClO,’, I’, Br’, C1O,’, Cl’. With zinc salts the order was I’, Br’, Cl’,-ClO,’, NO,’, and ClO,’. Zinc 
is not strictly comparable with nickel, since its lowest ammine is a tetrammine, whereas nickel gives a diammine. 
Ephraim’s later work (Z. anorg. Chem., 1925, 147, 24; Ber., 1926, 59, 1219) was concerned with more detailed 
investigation of the lower ammines and with the higher stable ammine complexes. 

Biltz and Hiittig and their collaborators dealt mainly with the complete investigation of all the ammines 
formed by each salt. The results were summarised and discussed by Biltz (Z. anorg. Chem., 1923, 130,93). 
The relation of stability to heat of dissociation g, was discussed by Biltz and Biltz and Grimm 
(ibid., 1925, 145, 63), who showed that the best term of comparison was U + gq, where U is the lattice 
energy of the pure salt. It was shown that: (1) For the same number of molecules of ammonia, U + q falls 
with increasing radius of the cation and also of the anion when the ion has the same number of electrons in the 
outer quantum group; (2) a cation with 10 outer electrons gives a higher value than one in the same period 
with 8 (Cu > K; Zn> Ca); (3) for cations with the same outer electron group U + q for any given number of 
molecules of ammonia increases with the electrovalency ; (4) the differences between the U + q values with the 
same number of ammonia molecules but a different halogen fall with increase in ammonia content when the 
cation has 8 outer electrons, but rise when it has 18 or 20. These results agree with Fajans’s -rule 
(Z. Elektrochem., 1928, 34, 502). Ammines of silver and cuprous halides, which form compounds with 
4, 1, 1}, 2, and 3NH, and thus do not fit into the above scheme, were explained by assuming that an associated 
salt molecule and not the ion is the unit to which the ammonia is attached. 

It has been shown for a number of salt deuterates (Partington and Stratton, Nature, 1936, 137, 1075; 
Schacherl and Behounek, ibid., 1936, 138, 406; Lange and Sattler, Z. physikal. Chem., 1937, 179, 427; Bell, 
J., 1937, 459; 1940, 72; Miles and Menzies, ]. Amer. Chem. Soc., 1938, 60, 87) that the dissociation pressure in 
the temperature range 20—80° is smaller than that of the corresponding hydrates, and that the heat of dissoci- 
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ation is greater for deuterium oxide than for water, the difference being greater than could be accounted for by 
the different heats of evaporation of these-two. 

Ubbelohde (Trans. Faraday Soc., 1936, 32, 525). showed that the effect of the substitution of deuterium for 
hydrogen depends on the nature of the link, and that the effects described should be, and are, accompanied by 
a contraction of the crystal lattice, which leads to a greater work of removal of deuterium oxide than of water. 
Robertson and Ubbelohde (Nature, 1937, 139, 504) found by the X-ray method that with oxalic acid dihydrate 
lattice expansion occurs, which can be explained by assuming that water is attached by a hydrogen bond, the 
resonance associated with which would be less complete in the deuterium compound. In agreement with this, 
Bell (loc. cit., 1940) showed that the vapour pressure and heat of dissociation o f this compound are affected by 
isotopic substitution in the opposite sense to ordinary salt hydrates. ; 
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EXPERIMENTAL, 


The experiments involved measurements of the vapour pacer of pure ammonia and deuterammonia, and of the 
dissociation pressures of the ammines and deuterammines of several salts, some density measurements on the light and 
heavy ammines of nickel chloride being also made. ; 

(i) Preparation of Ammonia.—The pure, dry gas was prepared by two methods: the action of water on magnesium 
nitride was first used, but later the gas was evolved by heating a mixture of pure ammonium chloride and calcium oxide 
in a 250-c.c. Pyrex distilling flask connected with three large U-tubes filled with sodium hydroxide pellets and all sealed 
together. Following these were two condensing traps, the first containing sodium, and finally a trap permanently 
attached to the storage vessel. Beyond this was a trap leading to the manometer, a side arm leading to the ‘‘ Hyvac ” 
pump (suitably protected by sulphuric acid towers), and a-final condensing bulb. The om, first pumped out to 
5 mm., was filled with ammonia to a pressure of 50 cm. by gently warming the generating flask. This gas was pumped 
off, and the process repeated twice. The tap leading to the pump was then closed and the trap cooled in solid carbon 
dioxide—alcohol until about 10 c.c. of liquid ammonia collected in it. Despite a large excess of calcium oxide in the 
generating flask, a considerable amount of water had by this time collected in the first arm of the first U-tube; beyond 
this, however, the sodium hydroxide was not attacked. When the liquid was collected, the first part of the apparatus 
was sealed off. The liquid was kept overnight in contact with the sodium, with which it formed an almost black solution, 
and was then cautiously distilled into the second trap by warming to give a pressure ef about 20cm. and cooling the second 
trap to —79°, at which temperature the vapour pressure of ammonia is 4-5 cm. The last 2 c.c. of liquid were rejected 
by sealing away the first trap. A second and third distillation were carried out in the same way into the third and then 
into the furthest trap, beyond the storage vessel, which was then sealed off, and the ammonia bulb isolated. From this the 
ammonia was evaporated into the vacuous 3-l. storage flask to a pressure of 80 cm, A 2-1. flask with a rubber bung 
was connected to the joint on the storage vessel, and was evacuated and filled with ammonia to form a reserve supply 
which could be transferred to the main storage vessel. In some later experiments the U-tubes containing soda pellets 
were replaced by a bubbler containing very concentrated sodium hydroxide solution, followed by a straight tube, 1-5 cm, 
diam. and 75 cm. long, containing soda pellets, followed by pieces of metallic sodium. 

(ii) Preparation of Deuterammonia.—Bruyne and Smith (J. Amer. Chem. Soc., 1935, 57, 1203), Taylor and Jungers 
(ibid., 1933, 55, 5057), Smits, Muller, and Krdéger (Z. physikal. Chem., 1937, B, 38, 177), Frivold, Hassel, and Rustad 
(Physikal. Z., 1937, 38, 191) have used the reaction Mg,N, + 6D,O = 3Mg(OD), + 2ND;. The heavy water (99-6% 
D,O) we used was in 10 g. ampoules from the Norsk Hydro, and about 8 g. produced enough ND, to fill the 3-1. flask at 
74 cm., almost corresponding with the theoretical yield. For our purposes Kahlbaum’s magnesium nitride was not 
sufficiently pure, as the ammonia evolved from it with water had a smell of acetylene; the method finally adopted for the 
preparation of the pure nitride was to heat magnesium turnings in a boat inside a seamless iron tube through which passed 
a stream of dry cylinder nitrogen. © A boat of thick nickel foil was quickly attacked, but one of stainless-steel sheet about 
2 mm. thick, bent into the form of an open rectangular box 15 cm. long and 1-5 cm. square section, was used to prepare 
in all about 200 g. of the nitride and showed no evidence of attack. In each experiment about 15—20 g. of magnesium 
turnings were used, and by suitable temperature-regulation nearly all the product was yellow and gave a perfectly white 
residue with water. 

The heavy ammonia was prepared in the apparatus shown in Fig. 1. The 200-c.c. flask on the left was fitted with a 
ground glass joint carrying a dropping tube surmounted by a small tap and vessel A to contain the heavy water. The 
bulb of the flask was half-filled with magnesium nitride in small lumps. The delivery tube led to a large U-tube filled 
with nitride, mostly in fine powder but with some lumps to prevent blocking. After this came a sodium trap 1 and three 
condensation traps 2—4, beyond which was a manometer and a vessel 5 containing clean sodium. The manometer and 
this vessel were attached by interchangeable joints, but the rest of the —— was sealed together. Before assemblage, 
each part was thoroughly cleaned and dried, and a current of warm, dry air was passed through the whole apparatus 
after it had been sealed together. The apparatus was evacuated while the parts containing magnesium nitride were 
heatgd with a small flame. On standing overnight the pressure had increased to 5 mm. and the pumping out was 


‘ repeated until the pressure did not increase on standing. The heavy water was then introduced into A by the small 


syphon, also shown in Fig. 1 (cf. Partington and Towndrow, Trans. Faraday Soc., 1939, 35, 553). The heavy water in A 
was protected by the small —> oxide tube shown. The heavy water was dropped on the nitride while the 
U-tube was cooled in alcohol-solid carbon dioxide. As each drpp reacted, steam was evolved. This condensed in the 
upper part of the flask and was kept from spreading into the side tube by immersing the lower part of the flask in ice 
water, the nitride being brought in contact with the condensed water by shaking the flask, which could be moved vertically 
about 2cm. When about 8 g. of heavy water had been added, the generating flask was heated with a free flame for 30 
mins. to as high a temperature as possible and was then sealed off at S,. The rest of the ~ pases was then heated by a 
flame to drive all moisture quickly into contact with the nitride. The apparatus was left overnight, and the ammonia 
then distilled into the sodium trap, and the first part of the apparatus removed by sealing off at S,. Distillation was 
continued into the remaining traps, traps 2 and 3 being sealed off and removed when the liquid had left but the glass 
was still very cold. The ammonia was finally distilled into the trap 5. Tap T, was closed, and the trap 4 and storage 
flask evacuated before ammonia was allowed to evaporate. The gas remaining in the connecting tubes and trap 5 was 
condensed in trap 4 and allowed to pass into the flask. 

(iii) Dryness of the Ammonia.—It was realised that one of the main problems would be to ensure that the ammonia 
and deuterammonia were quite free from moisture. The presence of ~nly 1% of water in the ammonia might cause a 
serious error in the pressure measurements, and when passing from the highest to the lowest ammine most of the water 
would remain in the solid phase and so raise the water—-ammonia ratio as high as 1-20. a and Lurie (J. Amer. 
Chem. Sot., 1931, 58, 2978) dried ammonia by leaving the om in a steel bomb with sodium for some months. It is 
doubtful whether this long pefiod is necessary. In our work 


liquid ammonia was condensed into a trap containing a 
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Fic. 1. 
Apparatus used in the Preparation of Deuterammonia. 
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Fic. 2. Fic. 3. 
Apparatus used in the Preparation of the Ammines. The Ammine Bulb. 
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Fic. 5. 
The Differential Tensimeter. 


few fragments of sodium and left for 24 hours. One possible source of failure with this method is a tendency for moisture 
to collect as ice on the tube at a place level with the surface of the cooling bath, and so be spared contact with the sodium. 
To avoid this the sodium was made to cover the walls of the tube to a height well abéve this position by causing a 
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concentrated solution of sodium in liquid ammonia to evaporate quickly, whereupon the crystallising sodium creeps and 
can, by a suitable rate of evaporation, be brought to any required height in the tube. 

(iv) Measurement of the Vapour Pressure of the Two Ammonias (NH, and ND,;).—To check the purity of the gases, 
the vapour pressures were measured between—80° and —30°. The ammonia was condensed into an ammine bulb shown 
in Fig. 3, which was attached to a manometer by a ground joint. The apparatus was the same as for use with the ammine 
and is shown on the left of Fig. 2. The temperature of the bulb was maintained by immersion in a bath of cold alcohol 
in a 1-1. Dewar vessel. The experiment was begun with excess of solid carbon dioxide mixed with the alcohol, and the 
temperature raised by adding small quantities of warm alcohol with vigorous stirring. The temperature could be kept 
fixed within very narrow limits and was measured by a carefully calibrated six-junction copper—constantan thermo- 
couple (Hart, Thesis, London University, 1941, pp. 18—23). The same couple was used for all low-temperature measure- 
ments, including dissociation measurements with several ammine systems. 

The results for light ammonia agree well with those in the ‘“‘ International Critical Tables”; the deviations were 
negligible and nowhere equivalent to a temperature error of more than 0-1°. The b. p. from the log,, p-1/T line 
(T) = 273-1°) is —33-4° (I.C.T., —33-35°). The results with trideuterammonia are shown in Table I and agree well with 
those of Taylor and Jungers (Joc. cit.), the b. p., —31-0°, being the same as that given by them. 


TaBLeE I. 
Vapour Pressures of Ammonia and Deuterammonia. 


NH; tig./ NH, gas- ND, tig. gas: 

‘ p, cm. t. p, cm. t. p, cm. t. p, cm. t. Pp, cm. 
—62-4° 13-60 —46-0° 38-67 —60-5° 13-40 —44-7° 36-20 —32-6° 69-78 
—57-4° 18-34 —38-8 57-25 —54-9 19-34 —41-6 43-50 —32-5 70-22 
—55-4 19-90 —34:3 72-10 — 54-6 19-77 —41-5 43-96 —30-10 79-28 
—54:7 23°25 —33-4 76-23 —54-4 20-01 — 36-9 55-80 —30°3 79-58 
—48-7 33-20 —33-1 77-64 — 50-5 25-50 —33-9 65-02 —30-00 79-88 


The results are shown in log p-1/T plots in Fig. 4. The equations of the lines are logy) px, = 8-162 — 1266/T and 
logi9 Pxp, = 8°280 — 1308/7, the pressure being in mm. of mercury. 


Fic. 4. 
Vapour Pressure of Liquid NH, and NDg. 


4700 F600 450, 7300 4200 


(v) Preparation and Analysis of the Anhydrous Salts——Ammines of metallic calcium and of the following salts were 
investigated : CuSO,, CaCl,, CaBr,, BaCl,, BaBr,, FeCl,, NiCl,, MnCl,, LiCl, LiBr, Lil, Nal. 

(a) Copper sulphate. Even very pure oo of recrystallised copper sulphate blackened on dehydration, and the 
anhydrous salt was prepared from electrolytic copper foil. This was dissolved in redistilled nitric acid, the product 
heated to dryness in a porcelain dish, ignited, and the oxide dissolved in dilute A.R. sulphuric acid. The solution was 
evaporated, the pentahydrate, twice recrystallised and then dehydrated by first heating the fine powder in a vacuum 
at 100° to give the monohydrate, and then heating this at 300° for some hours in a Hyvac pump vacuum. The product 
was ground quickly, and the final process repeated until analysis corresponded with CuSQ,. 

(6) Calcium chloride. Each sample of anhydrous salt was prepared immediately before use by heating a finely 
powdered mixture of dry ‘‘ AnalaR ”’ calcium chloride and pure ammonium chloride in a porcelain or platinum boat in a 
combustion tube through which a stream of very dry nitrogen pd gap The suodeat was of 99-9% purity, the 
0-1% deficiency being moisture absorbed during transference. The salt in the ammine bulb was further dehydrated by 
evacuation while the bulb was heated with a small flame. 

(c) Calcium bromide. A.R. Calcium carbonate was dissolved in a large excess of pure hydrobromic acid solution 
(constant-boiling, redistilled), the solution neutralised with ammonia, and evaporated to dryness on a water bath. The 
solid was ground and heated in an air oven at 150°. This left an intimate mixture of calcium and ammonium bromides, 
which was converted into anhydrous calcium bromide in the same way as the chloride. The product was perfectly 
eye F en dissolved in water to give a clear solution with a neutral reaction. Two samples used analysed 99-85% and 

urity. 

(a) Boris bromide. ‘‘ AnalaR ’’ Barium bromide crystals were finely ground and dried at 100° for some hours. 
Before use, the almost completely dry product was heated to a high temperature in a small evacuated Pyrex flask. The 
salt analysed to the theoretical result. 

(e) Ferrous chloride. Anhydrous ferrous chloride was prepared by heating B.D.H. “ extra pure”’ iron wire in a 
current of dry hydrogen chloride, as described by Partington and Skeen (Trans. Faraday Soc., 1934, 30, 1062). Analysis 
gave the theoretical result. 

(f) Nickel chloride. Pure nickel chloride was recrystallised three times, the dry product finely ground, dried in a 
desiccator over calcium chloride, and further dehydrated at 150° for some hours, during which it was occasionally removed 
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and reground. The product contained NiCl,, 99:0%, and d retained some moisture. Further purification 
was effected by subliming in a current of dry hydrogen chloride, by very pag | heating in a short length of Vitreosi! 
tubing. The final product was a very voluminous, flaky, brown powder with a decided lustre, which absorbed moisture 
only very slowly. Analysis gave the theoretical result. 

(g) Manganous chloride. Kahlbaum’s manganous chloride “‘ for analysis’ was finely ground and dried, first in a 
desiccator over phosphoric oxide for some days, and then at 150°.~- The flesh-coloured powder was finally dehydrated in 
vacuum in a small Pyrex bulb heated to the softening point. The rose-coloured product gave the theoretical analysis. 

(h) Lithium chloride. ‘ AnalaR ” Lithium chloride was finely ground, dried at 150°, and kept in a phosphoric oxide 
desiccator before use. Analysis gave the theoretical result and the solution was quite neutral. 

(i) Lithium bromide. The slightly acid solution of “‘ AnalaR ”’ lithium carbonate in redistilled hydrobromic acid was 
evaporated almost to dryness, and the salt twice recrystallised. Dehydration was carried out first at 100° and then by 
heating the finely ground material in a current of nitrogen, as with calcium chloride. When dehydrated in air the 
product gave a slightly alkaline solution. The samples gave the theoretical analysis. 

(j) Lithium iodide. Kahlbaum’s hydrated material was a moist, very deliquescent, brownish powder. Dehydration 
of this proved very difficult (cf. King and Partington, Trans. Faraday Soc., 1927, 28, 522). The hydrate in a platinum 
boat was exposed to a rapid current of warm, dry nitrogen, at first without heating the solid. After an hour the material 
was white. The part of the tube containing the boat was then heated gently at first, the temperature being slowly raised 
until the solid showed signs of melting, and this temperature was maintained forsome hours. The product gave a slightly 
alkaline reaction with water. A typical sample contained Lil, 99-9%, and the discrepancy was no doubt due in part to’ 
moisture absorbed in transference. The solid in the ammine bulb was finally dehydrated in situ by heating in a vacuum. 

(k) Sodium iodide. Pure sodium iodide (cf. King and Partington, J., 1926, 20) was recrystallised twice and dried in 
an air oven. It analysed pure. 

(vi) Preparation of the Ammines.—The apparatus for the preparation of the ammines is shown in Fig. 2 and the ammine 
bulb 4 in detail in Fig. 3, These bulbs were.of Pyrex or soda glass according to the heating bath used. Each had an 
interchangeable cone-ground joint which could fit into a socket on a manometer, an extra condensation trap, or the 
storage vessel. All interchangeable’ joints, size OO, were made tight with hard vacuum grease (W. Edwards and Co.). 
The small combined tap and stopper on the ammine flask was lubricated, as were all other taps, with the corresponding 
“* soft ’’ vacuum grease, and all taps were protected by mercury in the flanges. The mercury manometer shown in Fig. 2 
is of the closed-end type, one of three designs used. Another had an open end, and a third was of constant-volume type. 
They were read by a cathetometer or a travelling microscope. 

The condensation trap had a wide joint so that freshly cut sodium could be quickly introduced in an almost untarnished 
state. These traps had interchangeable ground joints. The trap C served to return ammonia to the storage flask, as 
described above. 

After the ammonia bulb and trap had been carefully cleaned and dried, just sufficient soft vacuum grease to lubricate 
the tap when in position was applied, and the bulb and trap were weighed with a counterpoise of a similar shape. The 
anhydrous salt was introduced through a funnel, and the bulb closed. The salt was finally dehydrated at 300° in a vacuum 
till the weight was constant, the bulb being weighed vacuous, with the grease on the ground joint removed. 

The bulb was connected as shown in Fig. 2. The apparatus to the left of T, was evacuated to less than 0-01 mm., 7, 
was closed, and the apparatus tested for leak for about 30 mins. Meanwhile, ammonia was withdrawn from the storage 
flask and condensed in C, T, was closed, and T, opened, and, with the tap on A closed, the ammonia distilled into B, 
into which a small piece of sodium had previously been introduced. The finally dried ammonia was evaporated from B 
into contact with the anhydrous salt by opening the tap on A. The actual process of combination between the ammonia 
and the salt required different conditions according to the nature of the salt, and details for each ammine are given 
later. The bulb A was then removed, vacuum grease cleaned from the joint, and the whole reweighed. From the 
weights, the composition of the solid could be calculated. Before pressure measurements were begun, a little ammonia 
was removed, so that both solid phases could be present, and any ammonia absorbed on the finely divided solid removed. 
With deuterammonia, where it was desired to retain the gas, the same procedure was adopted as when larger quantities 
of gas were removed in passing from a higher to a lower ammine. The ammine flask was attached through a manometer 
to the storage flask, as in Fig. 2, and with the flask tap closed, the manometer and connecting tube were evacuated through 
T}. This tap was then closed, and with T, and T, closed, C was cooled in alcohol—solid carbon dioxide or preferably 
(since the vapour pressure of ammonia at the temperature of solid carbon dioxide is still 5 cm.) in liquid air. TJ, was then 
opened and the requisite quantity of ammonia passed from A into C by warming A with the tap open. The gas in the 
tubing of the manometer and between T, and T,, about 10c.c., was also condensedin C. Thus about 0-001 g. of ammonia 
could be removed from A at each step. With the trap B or a similar bulb in position larger amounts could be removed 
at each stage. By using liquid air almost all loss of trideuterammonia could be avoided. ‘ 

(vii) The Pressure Measurements.—The ammine flask with the joints suitably lubricated was firmly bound to the 
manometer with soft-iron wire round the hooks shown in Fig. 3, the manometer was attached to the vacuum line, and with 
the ammine bulb tap closed and the manometer tap open, the manometer was evacuated. The tap was then closed and 
the manometer moved to a position where the ammonia bulb could fit into a thermostat or other heating apparatus. 

A differential apparatus used in comparing the equilibrium pressures of light and heavy ammines is shown in Fig. 5. 

For temperatures between 0° and 50° an electrically operated water thermostat regulated by a mercury—toluene bulb 
regulator to +0-02° was used. Below room temperature a constant-level device was used, and ice-cold water was 
siphoned in from a bucket containing excess of ice and water. Up to 80° a water thermostat was occasionally used with a 
thick layer of heavy paraffin to reduce evaporation. For isolated measurements a smaller gas-regulated thermostat was 
available, with a small spiral regulator giving temperature to +0-02°. In the range 50—150° a 30-1. oil thermostat was 
used. The oil was a good-quality, water-white, vegetable oil. This was well stirred, and the temperature regulated by a 
xylene—mercury regulator up to 140°, and by an aniline regulator above this. Both regulators were of the spiral pattern. 
The oil was still quite clear after 6 months’ almost continuous use, and up to 100° there was no fuming. Mineral oil 
smoked above 100° and deposited a sediment. The temperature could be maintained to +0-02° above 80°; below this 
the viscosity of the oil prevented efficient stirring. * 

For temperatures of 180—300° a small furnace was used. The temperature bath, contained in a Pyrex or Hysil 
beaker suspended from the top of the furnace tube, was large enough to take both light and heavy ammine bulbs, and a 
third equal bulb, symmetrically placed, contained the standardised Anschiitz thermometer or platinum and platinum- 
rhodium thermocouple. The readings of the thermometer and couple agreed to 0-1°. The furnace tube was of non- 
transparent silica in one piece, the upper half of 8 cm. diameter, the lower of 4 cm., and the winding of nichrome wire 
was covered by a thick layer of heat-resisting cement. A rectangular box of asbestos sheet held the tube and lagging. 
The temperature regulation was by a mercury-filled regulator, as shown in Fig. 6, operating a relay which could short- 
circuit the last 10 ohms of resistance in series with the furnace. Over long periods the temperature control had a maximum 
variation of +0-1°, as measured on the thermometer in the bath. a : 

The htating bath was the eutectic mixture of lithium, sodium, and potassium nitrates (30, 16, and 54%, respectively), 
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m. p. 120°. This could be used up to 300°. Above 200°, soda glass was rapidly attacked, but Pyrex and Hysil glasses 
withstood the highest temperature used. 

(viii) The Ammine Systems.—(a) Copper sulphate ammines. On admitting ammonia to anhydrous copper sulphate, the 
violet pentammine is immediately formed, and the green diammine is not seen during the synthesis. It was not ible 
to prepare the = pentammine with gaseous ammonia. After 24 hours a solid of composition CuSO,,3-5—4-5NH, was 
obtained, which absorbed ammonia only very slowly.. By condensing liquid ammonia on the partly amminated material, 
allowing it to evaporate at atmospheric pressure, and repeating the operation several times, the pure pentammine could be 
prepared. It was insoluble in liquid ammonia, and on evaporation a fine powder remained, which occupied about five 
times the volume of the anhydrous salt. 

The diammine and monoammine were er by decomposing the pentammine as described above. 

Preparation of the heavy ammines followed the same lines. The two sets of compounds had the same colour, whereas 
CuSO,,5H,O and CuSO,,5D,0 differ appreciably in colour. 

The pressure measurements with CuSO,,5/4NH;,* were not in good agreement with those of Ephraim (Z. physikal. 

_ Chem., 1913, 88, 196) or of Foz and Le Boucher (Anal. Fis. Quim., 1932, 30, 21), the results of these workers being also in 
marked disagreement. Our measurements are in good agreement with some previously made by Mr. C. H. Bottoms in 
this laboratory, and two further samples of the ammine gave results in perfect agreement with the earlier ones. The 
equilibrium at each temperature was established in 36—48 hours, and the pressures were much higher than those found 
by the above authors, especially at the lower temperatures. Measurements with two samples of heavy ammine gave results 
in good agreement. The isotope effect is quite large. 


Fic 6. 
Furnace and Temperature Regulator. 


4 volts 


With the tetrammine—diammine system, results in the range 100—160° were obtained with little trouble and the results 
with ammonia were in reasonable agreement with those of previous workers. . 

The diammine—monoammine systems were measured in the range 220—280°. The isotope effect is much smaller than 
with the higher systems. 

Attempts to measure the 1/0 systems were abandoned, since at the high temperatures necessary (280—320°) decom- 
position and blackening began, as found by Foz and Le Boucher (loc. cit.). 

(b) Calcium chloride ammines. Absorption of gaseous ammonia by the salt became extremely slow when the 
composition CaCl,,7NH, was reached, but with liquid ammonia the pure octammine could be prepared in a few minutes. 
A sample prepared with gaseous ammonia at 0° for 30 hours gave the same pressures as one made with liquid ammonia. 
The octammine is a voluminous, fine white powder which occupies several times the volume of the anhydrous salt. 

Calcium chloride forms compounds with 8, 4, 2 and 1 NH, but not (as is often erroneously stated) with 6NH;. The 
8/4 system gave easily reproducible results with both ammonia and trideuterammonia in the range 0—30°, the pressures 
reaching stationary values in 24—36 hours. Two different ammine preparations were measured in both cases. There 
was little tendency for ammonia to be reabsorbed at ordinary temperature, so Po ep emer could only be reached from the 
lower pressures. The results for the light ammine were in good agreement with those of Hiittig (Z. anorg. Chem., 1922, 
123, 31) ; earlier results differ fairly considerably. The results in the table are for both preparations, and the two sets 
of measurements agreed remarkably well. 

With these systems an example is given of the rate of attainment of equilibrium : 


2 hrs. 4 hrs. 16hrs. 30hrs. 36 hrs. 
CM., at 39-0 40-08 41-62 41-73 41-73 


* The symbol #/y indicates a system of two solids containing 1 mol. of salt with * and with y mols. of NH, or ND,. 
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In one or two cases the temperature was maintained for 8 days after the first constant pressure was attained and the 


_ results proved that the equilibrium pressure was reached in 36 hours, but with the tetrammine, equilibrium was not usually 


reached in less than 4days. In the case of the deuterammine the slow approach was more pronounced, and early experi- 
ments _ apparent equilibrium values considerably below the true ones. Both preparations of ammine behaved 
similarly. 

The decomposition pressures of the diammine were measured between 120° and 170°. Equilibrium was attained very 
slowly, and the results were not reproducible with any accuracy. On cooling to room temperature (pressure 1 mm. at 
a reabsorption of ammonia was almost negligible. The measurements, and those with the monoammine, were soon 
abandoned. 

(c) Calcium bromide ammines. 'The octammines were prepared as described above, and their appearance was similar 
to that of the corresponding chloride compounds. The octammine decomposed to form a hexammine, in contrast with 
the chloride. The pressures of the octammine were easily measured in the 0—30° range and gave equilibrium in 24 hours. 
The isotope effect is quite large. The hexammine—diammine system also gave easily reproduced and quickly obtained 
equilibrium pressures (constant in 8—12 hours). The isotope effect was quite small. The temperature range was 
30—80°; the hexammine is more much stable than tetramminocalcium chloride. 

The diammine—monoammine equilibrium was measured in the range 180—220°. The 1/0 system gave similar results 
in the higher range 200—250°. In these two systems equilibrium was usually attained in 8—12 hours, and the results 
were reproducible. The isotope effects are rather small and about the same as with the 6/2 system. The results for 
the ammonia systems are in excellent agreement with measurements of Hiittig (/oc. cit.), especially with the first two 
systems. 

(d) Barium bromide ammines. The octammines were prepared without difficulty as described above. The salt 
forms compounds with 8,4,2and1NH;. Thedissociation pressures of the first three light ammines agreed well with those 
of Hiittig and Martin (Z. anorg. Chem., 1922, 125, 269). The corresponding heavy ammines gave pressures only slightly 
lower, and the isotope effects are quite small. With the two higher systems pressure equilibrium was rapidly attained ; 
with the 2/1 system this took several days, but the results were reproducible. Attempts were made to measure the 1/0 
decomposition, but equilibrium was approached extremely slowly and no reliable results could be obtained. 

(e) Ferrous chloride ammines. Ferrous chloride is an example of a class of salt (the bivalent halides of the transition 
elements) which gives as the highest ammine a hexammine, which decomposes to a di- and then to a mono-ammine. 
The hexammine was prepared by condensing ammonia on the anhydrous salt and allowing it to evaporate at a pressure 
of about 0-5 atm. The anhydrous salt absorbs ammonia rapidly, and in 30 mins. pure hexammine was obtained as a 
very fine, green-tinged, white powder. Although the anhydrous salt did not react appreciably with ammonia gas at 
room temperature, yet once compound formation began, the solid absorbed ammonia quite rapidly. The 6/2 systems 
were measured between 50° and 110°. Equilibrium pressures were reproducible and attained in 4—6 hours. 

The results for ammonia do not agree very well with those of previous workers. The graph (Fig. 7) shows these and 
illustrates why it was necessary to re-measure all the light systems rather than to accept previous results. The results of 
Ephraim (/oc. cit.) and Girardet (loc. cit.), considered by Biltz and Hiittig (Z. anorg. Chem., 1920, 109, 111) to be in good 
agreement, differ by more than those for our light and our heavy systems. Equilibrium pressures in the 2/1 systems, 
measured in the 220—275° range, were reproduced with reasonable accuracy and indicate a small isotope effect. In the 
1/0 system results were obtained with ease in the 250—290° range. Equilibria were rapidly obtained (1 hour) and were 
reproducible. The isotope effect is again small. 

(f) Nickel chloride ammines. In the preparation of the hexammine a very interesting effect was observed. The 
anhydrous salt did not react with gaseous ammonia, and even when excess of liquid was condensed on the solid no 
combination occurred at low temperature. At about —30°, when excess of liquid still remained but the gas pressure was 
slightly above 1 atm., combination began and proceeded rapidly to the green diammine and then to the violet hexammine. 
On the first occasion the combination, once begun, proceeded so rapidly and with the evolution of so much heat that the 
remaining ammonia suddenly vaporised with a mild explosion. The — amminated salt absorbed ammonia gas 
rapidly and in about 1 hour the pure hexammine could be prepared. Two preparations of both isotope ammines were 
made. The first pair were pale violet, but the second preparations were much lighter and almost white. A mere trace 
of moisture gives a much darker colour, and a sample of incompletely dehydrated nickel chloride (5% H,O) gave an ammine 
which was quite blue. The hexammine dissociations were measured in the range 100—170°. The initial results at lower 
temperatures gave some trouble, since at first, high pressures were obtained which could not be reproduced. This was 
due to some effect which was removed on standing. At 100° the freshly prepared ammonia system gave a pressure of 
53cm. After 3 days this had decreased to 4-52 cm., and on cooling and reheating became 3-70 cm. After removal of a 
little gas and a further 3 days’ standing the value 3-29 cm. was the highest obtained. Finally, a reproducible value of 
3-26 cm. was found. After this, the pressures at higher temperatures were quite reproducible. The same behaviour was 
found with the deuterammine and with the second preparation of the materials. ‘he final results for these systems were 
very satisfactory, and those with ammonia agreed well with those of earlier workers (Biltz and Fetkenheuer, Z. anorg. 
Chem., 1913, 88, 163). The results in the table are, at lower temperatures, measurements with both independently 
prepared ammines, and at higher temperatures the measurements are those with the later preparations. 

The 2/1 systems were measured between 230° and 280°. The equilibrium pressures were quite slowly attained 
(24 hours), but were reproducible and constant over the whole of the composition range between diammine and mono- 
ammine. Below the monoammine the pressure fell off gradually with composition and results were not reproducible. 
The trideuterammonia system behaved similarly. 

(g) Manganous chloride ammines. The anhydrous salt absorbed ammonia fairly rapidly at —30°, and in the presence 
of excess of liquid ammonia the hexammine was prepared in a short time as a fine white powder.’ Measurements on the 
6/2 system gave quite accurate reproducible equilibrium pressures. Biltz and Hiittig (Z. anorg. Chem., 1920, 109, 89) 
found that between MnCl,,6NH, and.MnCl,,5NH, the pressure decreased continuously, but we did not find this. From 
a composition of MnCl,,5-72NH, to MnCl,,2-3NH, the equilibrium pressure was quite constant. The same was found 
with the isotopic system. The results for the isotope pressures were confirmed by the tensimeter. 

With the two pairs of lower systems, 2/1 and 1/0, the results were similar to the corresponding nickel chloride systems. 
The 2/1 system gave reproducible, quickly reached, equilibrium pressures, whereas the 1/0 system showed a continuous. 
fall in pressure between the two limits of composition. The 2/1 system was measured in the range 180—250° and the 
results are considered accurate. 

(h) Lithium chloride ammines. This salt forms a pentammine, with a dissociation pressure of 1 atm. at about —10°, 
readily prepared by condensing a slight excess of liquid ammonia on the salt. The pure tetrammine was prepared from 
the pentammine by leaving the ammine flask in connection with the storage vessel with the bulb cooled at 0°. 

The 5/4 decomposition was not measured. The 4/3 equilibrium measurements were made in the short range 0—14°, 
but the accuracy with which each measurement could be made and reproduced compensated for this. Ateach temperature 
only 30 mins. were required to attain equilibrium. With the 3/2 system, equilibrium was quickly established and the 
results were accurately reproducible. The measurements of the two light systems agreed quite well with those of Biltz 
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and Hansen (Z. anorg. Chem., 1923, 127, 1) and of Bonnefoi (loc. cit.), but we found no break in the pressure-composition 
curve corresponding with a monoammine. The pressure for the diammine lay midway between the values given by 
these workers for the supposed 2/1 and 1/0 systems. Our results with two further, independently prepared samples of 
the ammine were closely reproducible, as the following measurements made on the three samples at 50° show. 


Sample I. 
12-45 12-50 12-37 12-35 12-45 12-2 
Mols. NH, per mol. LiCl] _ ............sc000 1-98 1-34 1-20 0-71 1-56 0-35 
Sample II. = 12-61 cm. Sample III. = 12°48 cm. 


In this 2/1 system equilibrium was established in 4—8 hours, rather longer than is required by the higher systems. 
The isotope effect is largest in the case of the 4/3 system. 


Fic. 7. 
Ferrous Chloride Ammines and Deuterammines. 


Mittigand & Biltz 
FeCl, 6/2 NH, \4phraim.......---- x 
(7) (2) 1) Girardet........... 2 
FeCl2, 6/2 ND; 
Miittigand & Bi/tz a 
(2) 2/i 7 Nis Girardet............ 
FeClp, 2/1 NDz 


FeCl,, 7/0 NHs 


FeCl,, 1/0 ND; 


(3) 2000 
(2) 2000 
2300 2800 


2700 
10°/T ("K). 


(i) Lithium bromide ammines. This salt forms definite compounds with 7-5 and 6 molecules of ammonia (Bonnefoi, 
loc. cit.), but these were not considered suitable, as their decomposition pressue is not much lower than the vapour pressure 
of liquid ammonia at the same temperature. The pentammune was es in the same manner and with the same 
facility as that of the chloride, and measurements on it were made in the e —50° to 20°. The pressures required not 
more than 1 hour to reach equilibrium and were accurately reproducible. ith the low-temperature method described 
it was easily possible to maintain the temperature to +0-2° during this time, and to make a series of measurements covering 
the whole range in the course of one day. The results given were found in several series of measurements, which when 
plotted as logy») p against 1/T gave the same line. The measurements of Biltz and Hansen (loc. cit.) agree only roughly 
with ours. deuterammine behaved in a manner identical with the light ammine and the isotope effect was accurately 
measurable. 

The other ammines found by Biltz and Hansen (loc. cit.), whose investigations extended to both lithium bromide and 
iodide, were compounds of LiBr with 4, 3, 2, and INH;. We confirmed the existence of each of these, and pressure 
measurements were made with each system formed by them. 

The 4/3 equilibrium was measured in the range 18—60° and gave accurately reproducible results. The 3/2 system 
gave apparently accurate results up to ca. 75°, above which the pressure rose more steeply with temperature than before. 
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Corresponding with this, the ammine became semi-liquid, and at about 85° completely liquid. The logarithmic plot showed 
a sharp break at 75°, and above this the line became steeper. This is due to me ting of the diammine, oad. above this 
temperature its heat of fusion must be added to the heat of dissociation to give the total heat absorbed in passing from 
solid LiC1,3NH; to liquid LiCl,2NH,. The results at and above the m. p. were not very accurately reproducible, and in 
the table, values are given only for the solid reaction. The isotope effect for this system is snampestediey small. 

The results for the 2/1 system were more satisfactory. In agreement with the above, m. p.’s of 78-1° for the light and 
79-3° for the heavy compound were found, and the pressure rose more slowly with temperature above the m. P., indicating 
that the diammine was melting at this temperature. Reproducible results could be found several degrees above the m. p. 


Fic. 8, 
Lithium Bromide Ammines and Deuterammines. 
3709 (3) 3000 2900 2800 2700 
| (4) 2800 2700 2600 


78 


| 


x-Biltz and Hansen. 


‘@-Bonnefoi. 
Lisr, 5/4 NA, = 7:7 

qa 5/4 NDs \ 
LiBr, 4/3 NH; 

(2), Libr, 4/3 ND; 


LiBr, ai 7 NH; 
LiBr. 2/1 NDs 
LiBr, 1/0 NH; 


iBr, 1/0 ND; 


4302} (1) 4200| 4700 | 4000 3900 | 
3400 (2) 3300 3200 3100 3000 


while there was still solid‘ monoammine in contact with fused diammine, but at 105° the substance became homogeneous 
liquid, all the monoammine having dissolved. The system was then no longer univariant and no further pressure 
measurements were made. On cooling the fused mixture, the previous results could be exactly reproduced at lower 
temperatures. Equilibrium in presence of the solids was reached in about 6 hours, but in less than 30 mins. when liquid 
was present. 


With the monoammine, measurements over the range 80—130° could be made, and no melting was encountered. | 


The results were reproducible, and equilibrium was attained in 1—2 hours. 

The results for dean systems agree roughly with those of Biltz and Hansen (Joc. cit.) who also mentioned the existence 
ofthe m.p. They assumed, however, that the triammine melted at 78°, and apparently did not investigate the trend of 
the pressure—temperature increase above the m. p. 

(j) Lithium todide ammines. The pentammine was prepared in the same manner as the corresponding bromide 
compound. The pressure measurements on the 5/4 system followed the same course as that of the bromide system and 
gave similar results. The 4/3 system gave results reproducible with great accuracy, and the logarithmic plot showed a 
transition point at 74-4° for NH, and 75-8° for ND,, indicating that one component was melting. The course of the log 
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p-1/T line showed that the triammine melted at the stated temperature, and it was ible to make several pressure 
measurements on the resulting system of solid tetrammine up to the point where the system became homogeneous 
owing either to melting of the tetrammine or to complete solution of this compound in liquid triammine. From the graphs, 
the heat of fusion of the triammine could be calculated. The results for the solid system give the isotope effect with 
unusual accuracy. 

The next lower system, between triammine and diammine, clearly showed the same m. p., since the log p-1/T line 
swung through the same angle as for the previous system, but in the opposite direction, showing that the decomposing 
ammine was melting. The calculated heats of fusion, as seen from the table, agree very well with those from the previous 
measurements. Measurements could be continued for several degrees above the m. p., but no sharp change was found to 
— herr of the diammine. The logarithmic plot dowel a slow change at the point when the system became 
entirely liquid. 

The equilibrium measurements on the 2/1 system gave results of more interest. The ammine remained solid and gave 
a linear logarithmic plot up to 101-1° (NH) and 102-3° (ND,), whereat the solid began to melt ; above this a few measure- 
ments indicated that the monoammine and not the diammine had melted. Only a few results could be obtained above 
the m. p., since at 105—108° the systems became entirely liquid. ‘ 

The pressures found for the solids extended over only 10° and 20—80 mm., but they enabled the heats of decom- 
position to be calculated with reasonable accuracy. 


Fic. 9. 
Sodium Iodide Ammine and Deuterammine : (1) Solids ; (2) Liquids. 


0-9 
(1) 
NaI, 4-5/0 NH 
3 
45/0 NDs 


ai x Biltz and Hansen. 


| | 


4200 (1) 4100 3900 3800 
(2) 3700 3500 3400 


(°K). 


Attempts to measure the dissociation of the monoammine were unsuccessful, since below the m. p. the pressures were 
quite small and could not be reproduced nantenn Above the m. p. the system soon became homogeneous, although 
the exact point at which the solid (Lil) disappear depended on the composition of the system. 

Biltz and Hansen (loc. cit.) observed the two m. p.’s at the same temperatures (80° and 101°) for the light ammines, 
but they wrongly assigned the higher to the diammine and gave 138° as that Lil,NH;. The latter point is probably 
a transition in the ~-T curve for some composition corresponding to the final dissolution of Lil in fused Lil,NHs. 

(k) Sodium iodide ammines. This salt was stated by Biltz and Hansen (Joc. cit.) to form a hexammine at very low 
temperatures, and a compound NalI,4-5NH, which seemed to give pressures suitable for measurement in the range 
—10°to +10°. The fact that sodium chloride forms a pentammine, and evidence put forward by Distanov (J.Gen. Chem., 
U.S.S.R., 1938, 8, 783), suggest that the iodide compound is really a pentammine. Biltz and Hansen’s evidence for the 
existence of NaBr,5-25NH, also seemed to indicate a slight error. The pressure-composition results for the NaI-NH, 
systems which they found indicate the formation of NaI,4-5NH; : 


Mols. of NH; per mol. of Nal . 4-84 4-61 4-48 4-44 
CMB. 10-5 10-5 2-7 2-2 


and we also find that even below the composition of the pentammine the system still gives the equilibrium pressure of the 
higher system. The apparent composition when the pressure at 0° fell from a value greater than 1 atm. to 13.cm. varied 
between 4-8 and 4-4 mols. of NH,, and thus it was not possible either to confirm accurately the results of Biltz and 
Hansen or to support our suggestion that a pentammine might be formed. 

The ammine was prepared by condensing liquid ammonia on the pure salt. The deutero-compound showed the same 
behaviour as the ammonia compound in respect of the composition. The measurements of pressure presented no diffioulty, 


0-6 (1) 
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the accuracy and speed of attainment of equilibrium being equal to that possible in the case of a pure liquid. Measurements 
were made in two parts, between —30° and —10° in the low-temperature apparatus and between 0° and 30° in the water 
thermostat. It was found that at 6-2° (NH;) and 6-6° (ND,) the ammine melted, but above this temperature the system 
remained heterogeneous and measurements were reproducible as far as 30°. The isotope effects could be calculated with 
great accuracy for the heats of decomposition of the solid—liquid ammine to the pure salt and for the heats of fusion of the 
ammine. The measurements of Biltz and Hansen were below 0° only, but agreed roughly with ours. 

Results —The results of all measurements are shown in Table II and some are given in Figs. 7, 8, and 9, in which 
log,» (in cm.) is plotted against 10* x (1/T). The linearity of the graphs is in agreement with previous results for 
heterogeneous systems (Scheffer, Proc. Acad. Sci. Amsterdam, 1917, 19, 636). The values of Apmm. give the amounts to 
be added to the values of ~ (in cm.) to give the value of p found from the log plots. 


TABLE II. 


Pressure-Temperature Data. 
CuSO,,5/4NH,. 
40-0° 40-99 460°  66-:0°  68:0°  75:0° 780°  80-0° 
p,cm.... 820 350 510 985 11-22 19:10 21-10 35:00 40:10 43-46 
Pmm, 0 8 -10 —146 10 —30 330 — 5-0 


CuSO,,5/4ND,. 
Pp, cm. ... 2-70 4-80 4-93 8-32 9-79 11-75 30-84 33-50 35°70 48-50 52-41 
Afmmn. 0 1-2 0 —13 13 0 —3-0 60 —60 7-0 0 


CuSO,,4/2NHs. 


102-4° 105-0° 114-1° 116-1° 120-0° 122-0° 124-0° 128-0° 132-6° 
cm. ... 5°25 5-88 920 11-18 12:20 13:50 15:24 18-21 22-80 
Pmm, 0 0 0 -10 0 


CuSO,,4/2ND,. 


107-4° 111-5° =119-6° 129-0° 134-3° 134:9° 150-0° 164-0° ‘ 
p, cm. ... 5-27 6-46 965 15:42 20-40 21:50 43-43 77-80 
--- —3-6 0 3-3 


CuSO,,2/1NHy. CuSO,,2/1ND,. 
219-5° 230-0 246-0° 251-8° 256-5° 260-8° 269-0° 271-4° 224-0° 251-8° 260-8° 273-8° 
p,cm.... 656 832 15:34 19-72 23-05 2662 3417 37-00 5-95 17-80 24-63 36-55 
30 20 0 0 0 10° 30 —10 
CaCl,8/4NHy. - 

17-5° 183° 190° 20-0° 220°  25-0°  28-0° 
p,cm.... 1050 35:08 37:28 3880 41-73 44-58 47-32 50-11 56-45 66-07 

0 0 10 - 10 0 0 —80 


CaCl,,8/4ND;. 


0-0° 18-30° 19-45° 20-00° 22-80° 25-10° 26-80° 27-00° 28-80° 
P,cm.... 17°86 29-67 32:36 33-60 39°74 46:26 51:55 53-00 58-85 
Afmm. 0 10 -20 60 -—10 6-0 


CaCl,,4/2NHg. 
0-0° 21-90° 22-50° 24-90° 26-80° 28-00° 30-80°  36-50° 
p, cm. ... 515 23:90 2489 2850 32-73 3462 42-02 58-20 
ove 22 —30 12 —31 6-0 


CaCl,,4/2ND,. 
0-0° 20-00 21-30° +24-60°  26-50° 28-00° 28-25° 28-80° 30-30° 33-30° 35-0° 
p,cm.... 381 16-80 18:20 23:02 25:90 28-50 28-90 29-71 83-50 39-24 44-40 
fun... —1- 2-2 0 0 0 40 —40 


CaBr,,8/6ND,. 
22-75 26-80° 0-0°  19-00° 21-00° 23-70° 26-80° 
cm. 13-00 36-20 46-95 50-30 6195 77-70 10:50 40-80 46-80 55-93 68-03 


CaBr,,6/2NHs. CaBr,,6/2ND,. 
30-10° 51-60° 56-10° 61-30° 70-10° 77-60° 33-20° 49-60° 57-90° 62-40° 70-702 78-40° 
p, CM. «.. 296 10-90 1455 1880 30:50 43-60 3-34 918 1462 18-80 29-30 43-45 
Apmm. 0 15 0 40 0 0 05 —03 0 2-0 


CaBr,,2/1NH,. CaBr,,2/1ND;. 
178-0° 183-0° 201-0° 211-0° 222-5° 226-0° 184-2° 206-0° 212-0° 227-0° 
p,cm.... 1300 1650 81:05 44-70 63:50 72-30 15°50 34-40 42:50 69-20 
Adam. -25 20 —40 0 


CaBr,,1/0NH;. CaBr,,1/OND,. 
207-5° 220-0° 232-0° 241-8° 256-0° 257-0° 260-0° 261-0° 208-5° 220-0° 226-7° 238-5° 240-9° 254-5° 
Pp, cm. ... 960 15:30 2400 382-00 54:70 55-00 61-30 62-30 912 14:30 1850 28-60 30-40 49-40 
Afmm. 0 0 —2 —3 4 -1 0 0 0 2 1 -1 2 


BaBr,,8/4NHy. BaBr,,8/4ND,. 

0-0°  1940° 21-90° 26-80° 28-70° 30-8° 0-0° 21-30° 24-60° 28-80° 

p,cm.... 905 80-70 34:90 46-70 51-50 57-80 791 28-08 32:65 39-00 49-40 

Agana... 0 10 -25 10 #40 1-0 6 
BaBr,,4/2NHg. BaBr,,4/2NDj. 

19-30° 21°30° 24-60° 28-80° 32-10° 23-60° 26-80° 29-90° 34-40° 

p,cm.... 2375 27:00 82:70 41-40 49-46 28-15 34-40 41-50 52-70 

iim. © 10 10 0 0 -10 0 1-0 


BaBr,,2/1NH,. BaBr,,2/1ND,. 
34-40° 400° 41-60 46-60° 36-50° 40-00° 46-50° 50-10° 
p,cm.... 1650 23-60 26-20 35-30 17-50 2250 33-30 42-30 
09 0 2-0 —20 10 —5-0 3-0 
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TABLE II.—(Continued.) 


FeCl,,6/2NHj. 
84-80 86-40° 92-80° 100-50° 
22-40 25:00 32:70 46-50 


FeCl,,2/INHg. 

242-0° 243-0° 247-0° 249-0° 

22-17 22-50 26-60 30-40 
2-0 0 0 0 


FeCl,,2/1ND3. 
249-0° 255-5° 
26-00 33-90 
0. 8-9 


106-60° 
61-20 


243-0° 
18-45 4 
0 


20-80 
—3-3 


FeCl,,1/ONH. 
271-0° 276-0° 285-5° 
8-75 1060 15:85 19-75 
—146 0 —26 
NiCl,,6/2NH,. 
-118-6° 153-9° 158-0° 
873 435 51-72 
0 9-0 0 
NiCl,,2/1NH,. 
265-5° 270-0° 
24-62 27-80 


NiCl,,2/1ND,. 
265-5° 270-0° 
23-62 26-50 
20 —50 


MnCl,,6/2NH,. 
66-00° 72-50° 80-50° 
27-75 37-85 56-30 
0 —2-0 —3-0 
MnCl,,2/INH,. 
206-5° 211-5° 
22-51 27-33 


292-0° 


MnCl,,2/1ND,. 


10-00° 14-10° 
67-70 80-01 
-10. 20 
LiCl,3/2NH,. 
26-80° 30-10° 40-40° 45-80° 
12-60 15-45 28-20 387-80 
0 0 20 0 
LiC1,2/ONH,. 
51-20° 66-10° 66-70° 73-40° 
12-50 26-90 27-90 38-00 
08 0 20 —10 
LiBr,5/4NHy. 
—28-5° —23-9° —21-3° 
47:30 50-10 
2-5 
LiBr,5/4ND. 
—35-5° —347° —30-1° —27-5° —27-4° —26-2° 
17-40 18-57 26-65 32-46 33:00 36-40 


LiBr,4/3NH;. 


—37-7° —32-9° 
16-90 24-16 
07 —28 


—30-9° 
28-51 
0 


18-77° 
8-27 


‘21-10° 21-25° 
9-41 9-50 13-90 
0 —0-7 0 
LiBr,4/3ND,. 


28-10° 35-10° 
0 


FeCl,,6/2ND,. 
86-40° 92-80° 100-50° 106-60° 
22-60 29:90 43-00 57-40 
—50 4:3 


109-90° 


80-90° 
15-70 
—15 


253-5° 
33-10 
—10 


255-5° 
36-32 
2-0 


275-0° 
63-20 
—9-0 


FeCl,,1/OND,. 
261-0° 271-0° 276-0° 
5°37 8-23 9-95 
—0-6 10 —07 


292-0° 
18-65 
—1-0 


NiCl,,6/2ND,. 

118-6° 158-0° 
7-75 46-35 
20 —20 


164-7° 
61-40 
—50 


99-60° 110-0° 
2-86 4-99 
0 0 


MnCl,,6/2ND,. 
60-50° 66-00° 82-00° 86-10° 
17-87 24-40 55-65 67-95 
0 0 0 4-5 


48-50° 
9-10 
0 


14-10° 
70-00 
0 


LiCl,3/2ND,. 
25-10° 30-10° 39-90° 40-40° 50-20? 53-50° 
10-24 13-70 2480 25-10 43-20 60-10 
0 80 -15 0 
LiCl,2/OND,. 
50-60° 57-80° 66-70° 80-40° 
1070 1565 2480 48-10 


90-20° 
74-20 
—5-0 


—21-80° —19-8° 
49-60 58-39 
—50 0 


55-06° 56-40° 
52-13 56-02 
0 6-0 
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109-90° 
0 


172-7° 
85-30 
3-0 


[1943] | 
pcm... 282 10-78 180 | | | | 
Ajum-. . @ —26 2-2 0 0 
224-0° 234-0° 239-52 251-0° 252-5° 2600 
p,cm.... 11-20 16-37 20-02 28-92 31-80 41-82 
Afum.... 0 0 0 41 —3-4 4-0 
934.0% 2 260-0° 267-0° 271-0° 
1280 14-87 39-10 49°30 56-20 
Afam:. 1 2-0 3-0 1-0 
t 258°0° —261-0° 253-0° 
p,cm.... 407 6:00 3-63 
Afum.--- 9 0-6 0 
105-5° 159-5° 164-7° 172-7° 
f,cm.... 8:26 4-87 54-0 66-45 92-90 
0 —0-2 0 —3-5 8-0 
280-0° 247-7° 285-0° 288-0° 
~,cm.... 690 13-20 46-40 50-20 
Afmm.... ° 0 0 4-0 0 
280-0° 247-7° 263-5° 280-0° 285-0° 288-0° 
~,cm.... 646 1270 22-15 38-10 43-90 48-60 
Afum.. © 0 3-0 40 0 0 ‘ 
to 48°50° 60-50° 82-00° 86-10° 
p,cm.... 10-74 20-40 61-60 73-40 
Afmm.... 06 —1-0 6-0 0 
180:2° 192-0° 1 222-5° 231-5° 243-5° 
~,cm.... 825 12-99 40-20 53-70 77°74 
Afmm.... 056 —10 0 1-0 1-4 
t 1802 192-0° 197-0° 206-5° 211-5° 222-5° 231-5° 243-5° 
~,cm.... 7:50 11-89 14:70 20:50 25-25 37:50 51-10 74-50 
Afmm.... 0 —0-8 0 —2-0 1-0 0 0 2-0 
LiCl,4/3NH,. LiCl,4/3ND,. 
?,cm.... 38-90 
Apmm.... —1-0 
p,cm.... 823 71-50 
0 —6-0 
p, cm. ... 6-94 
Apmm,... —0-4 
p,cm.... 12-90 56-12 
... 0 50 
—24-3° 
~,cm.... 14-00 42-0 
Apmm,... —1-0 10 
f,cm.... 7°80 35°57 66-05 , 
Afmm,... —0-5 0 0 —15 
cm.... 810 10-00 1358 1970 34:50 60:35 
pum... 0 —20 0 10 0 0 
LiBr,3/2NH,. LiBr,3/2ND,. 
B4-70° 60-40° 69-20° 72-5 0° 47-60° 54-70° 60-40° 64-90° 69-20° 72-50° 
?,cm.... 7:80 11:70 16-02 20-25 26:05 30-55 7-10 10-90 15:25 1954 24:70 29-42 
Afmm... —06 —08 0 0 0 0 0 05 1-4 0 —2-0 
LiBr,2/1NH,. 
42°80° 50-20 0-50° 72-00° 74-10° 76-20" 80-00° 81-60° 84-60° 95-00° 99-60° 105-5° 
?,cm.... 6595 902 12-60 1535 22-45 26-45 28-90 3215 36-25 38-08 41-43 55:20 62-20 73-50 : 
Afmm.... —01 —06 40 0 1-0 0 -10 10 0 0 0 0 2-0 4-0 
LiBr,2/1ND,. 
42°30° 50-20° 56-50° 60-50 68-40° 72-00° 74:10° 76-20° 80-00° 81-60° 84-60° 95-00° 99-60° 105-5° 
?,cm.... 630 804 11:00 13:75 20:00 23-80 2615 29-05 83-42 35-08 3847 55:20 59-10 72-50 
Afmm.... 0-5 0 0 15 0 -10 -06 0 -—0-8 0 0 0 2-0 0 
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TABLE II.—(Continued.) 


LiBr,1/0NH,. 
78-60° 92-10° 101-6 103-9° 111-5° 120-0° 122-6° 123-9° 125-8° 131-6° 
315 628 990 11-21 15:85 23-10 25:80 27-50 29-30 38-00 
Agua... 60 0-3 0 0 2-0 0 0 0 
LiBr,1/ONDs. 
78-60° 92-10° 101-6° 103-9° 120-0° 122-6° 123-9° 125-8° 131-6° 
~,cm.... 288 682 930 10-45 21-70 24-30 25-75 27-92 35-70 
Afmm.... 06 0 0 3-5 0 20 —15 1-2 0 
Lil,5/4NHy. Lil,5/4ND3. 
ene —46-5° —40-6° —36-4° —36-2° —31-7° —29-6° —26-5° —23-0° —18-4° —41-5° —35-6° —33-0° —25-5° —21-8° —18-0° 
p,cm.... 756 1213 1673 17-02 23-68 28:05 35:00 46-30 61-50 970 15-80 19:20 33:60 43-80 57-20 
Afmm.... 0-6 11 0 -20 —31 0 0 0 0 20 1-0 0 0 —20 0 
Lil,4/3NHy. 
P,cm.... 212 490 640 7:94 12-40 18:35 1965 25-75 28-50 41:65 54-00 
Afmm.... 0 0-6 0 -05 0 —25 0 0 3-0 
Lil,4/3ND,. 
f,cm.... 262 434 708 7:95 812 10-02 1565 18-30 26-30 39:00 51-90 
Afmm.... 0 0 0-5 0 0 0-6 4-0 
Lil,3/2NHy. 
p,cm.... 430 688 800 1002 12:95 1565 16-95 17:55 20-90 25-22 29-00 
Afum.... 0 0 0-2 10 -13 0 06 —25 0 
Lil,3/2ND,. 
?, cm 391 636 7-45 936 1216 1485 1620 16-70 19:80 245 28-3 
-02 0 0-4 1-1 0 —05 1-2 
Lil,2/1NHy. 
85-0° 94-9° 100-2° 101-4° 103-12 104-4° 105-4° 108-6° 120-5° 
fom.... 314 418 497 550 635 680 7:72 850 924 12:10 27-30 
0 04 —O-4 0-3 0 0 O1 —0-9 0-9 0 
Lil,2/1ND,. 
85-0° 2 96-9 103-12 104-4° :105-4° 120-5” 
p,cm.... 282 376 454 506 590 627 712 7:82 850 11:16 22-90 
Afmm.... 0 —0-2 0-4 0 0 1-2 04 —0-7 0 0 
Nal,4-5/0NH, (Liquid ammine). 
00 20° 83° 40° 60° 80° 91° 200° 35-9° 
p,cm.... 1235 1412 1540 15:90 17:80 19-75 20-90 22-70 27°10 35:30 55°88 69-30 
0-7 0-7 0 -03 0 0 0 10 0 0 
Nal,4-5/0ND, (Liquid ammine). 
p,cm.... 11-45 12-95 13:80 1460 16-60 17-46 18:20 19-40 20-70 21:80 24:75 32-75 44:00 55°60 65-20 74-90 
Apmm.... 1-0 10 -10 -03 -05 -—10 0 0 0 0 10 1-0 0 20 0 —03 
Nal,4-5/0NH, (Solid ammine). 
—33-3° —29-9° —28-7° —23-8° —20-8° —19-4° —14-5° —11-3° 
f,cm.... 152 165 251 314 345 488 6-00 
Apmm.... 0 -03 —02 10 1-0 —20 0 
Nal,4-5/0ND, (Solid ammine). 
—31-8° —29-6° —24-6° —20-6° —16-9° —12-8° -—8-1° —6-3° 
112 1:35 204 277 366 489 668 7-52 
Afmm.... 0 0 0-6 0 0 0 --10 -10 


_ 1-5 2 3 3-5 4 5 6 8 10 15 21 
DP, CT. cecececsesecsereeeeee 180 2:20 2-40 2-70 2:85 3:00 330 3:50 401 448 560 6-85 


The linear increase of pressure between 2 and 21 mins. extrapolated to 1-90 cm. at zerotime. Six series of measurements 
gave identical results. Several series of measurements were made at 5°, one of which is as follows : 


1 2 4 6 8 10 15 
DCM. 2-65 4-55 5-58 6-4 7-25 9-16 


These results, which were reproducible, extrapolated to 2-6 cm. at zero time. Results at 10° were more difficult to 
extrapolate but a value of about 4 cm. was estimated. Above 10° no useful results could be obtained. ‘ 
Even with the purest metal, the side reaction forming calcium amide was still 60—100 times faster than was found by 
Biltz and Hiittig. Further experiments with this system were not made. 
Barium Chloride Ammine.—Barium chloride forms only an octammine, the dissociation pressures of which were 
measured by Hiittig and Martin (/oc. cit.) below 0°, and by Gillespie and Lurie (loc. cit.) in the range 0—50°. Barium 
chloride dihydrate gives anomalous results for dissociation pressures (Partington, J., 1911, 99, 466), and we find that for 


hs “ . Calcium Ammine.—Some measurements on the dissociation pressures of the ammines of metallic calcium (Moissan, 
eo Compt. vend., 1898, 127, 685) made by Biltz and Hitttig (Z. anorg. Chem., 1920, 114, 241) were in excellent pep with 
i! earlier ones of Kraus (J. Amer. Chem. Soc., 1908, 30, 653). Both agree that only a hexammine is formed (Moissan states 
eat that it is a tetrammine) and that this decomposes to pure metal, the equilibrium being reached instantaneously. The 
we results were found by Biltz and Hiittig to be reproducible and not to be affected by an irreversible side reaction 
Fem, Ca(NH;), = Ca(NH,), + 4NH,; + H,, which Kraus found to be appreciable only at 40°. Biltz and Hiittig, by 
es extrapolation to zero, claim to have eliminated the effect of this side reaction, and give an example of a pressure-time curve 
oa at 0° which shows only a very slight linear increase of pressure after a number of hours. " 
Fated We made a number of measurements with various specimens of calcium, and in every case found that the side reaction 
ext was so rapid that equilibrium pressures of the hexammine dissociation could not be measured. As an example, we give 
a some results found with redistilled calcium of 99-9% purity at 0°, which showed a smaller effect of the side reaction than 
Bas less pure metal : 

a 
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the ammine also, in contradiction to the experiments named, anomalous results are obtained. About 1 g. of recrystallised 
barium chloride, dehydrated at 150°, rapidly formed a compound with ammonia at 30°, the solid swelling to many times 
its original volume. The excess of ammonia was removed, and a little gas taken off before the pressure measurements 
were begun. Both the above pairs of workers obtained a pressure of 50-0 cm. at 0°, although Hiittig and Martin remark 
that in one of the four experiments made equilibrium was reached much more slowly and the final pressure at 0° was only 
41-0cm. We found that equilibrium was reached extremely slowly. After 24 hours, with pressure increasing, the final 
pressure was in several cases 40-2—40-4 cm., and with pressure decreasing, 40-8—-42 cm. With asecond sample of barium 
chloride 40-35 cm. was reached after 36 hours. A third sample was left in contact with a large excess of liquid ammonia, 
and the ammine partly recrystallised from this giving a hard cake of material. A much slower rate of pressure increase 
was found, the pressure after 4 days reaching a constant value of 39-2 cm. at 0°. In view of the peculiar behaviour of this 
system, experiments on it were discontinued. 

Density Measurements.—A determination of the molecular volumes of the ammines and deuterammines of a typical 
salt gave results parallel to those found by Bell (/oc. cit.) for several hydrates and deuterates. Ubbelohde (/oc. cit.) has 
suggested that the smaller heat of dissociation of 
the deuterate should accompany a smaller lattice Fic. 10. 
spacing. We have measured the densities of Density Apparatus. 


Nicl,,6N H, and NiCl,,6ND,. 

Previous accurate work on the densities of 
ammines is not very extensive and is mainly con- 
fined to compounds relatively stable at ordinary 


temperatures, such as the hexammines of the 
halides of bivalent manganese, iron, and nickel 
(Biltz and Birk, Z. anorg. Chem., 1923, 127, 34; 
Clarke and Buckner, J. Amer. Chem. Soc., 1922, 
44, 230; Wyckoff, ibid., p. 1239). Gillespie and 
Gerry (ibid., 1931, 58, 3962) dealt with the unstable 
octammines of calcium and barium. 


A small sample (0-4—0°8 g.) of anhydrous nickel r 
chloride was transferred to a previously tared 


weighing bottle, which was reweighed and placed 
inside the apparatus shown in Fig. 10, which was 
then evacuated. The tap and joint were greased 
with soft and with hard vacuum grease, respect- 
ively. The apparatus was filled with ammonia at 
about 1-5 atm. With the bottle cooled to 0°, 
eo of 5 mols. of ammonia took place very 
rapidly, but above this composition it became slow 
and it was very difficult to exceed 5-8 mols. of 
ammonia per mol. of the chloride. By cooling the 
solid in carbon dioxide-alcohol, the hexammine 
could be reached. The composition of the solid ? 

was determined by reweighing. \ 

The solid was transferred to the accurately 
weighed density bottle, which was reweighed and 
placed in the ——. the tap and joint of which 
were now free from grease, and this was pumped 
out for 5 mins. The bottle was removed, wiped, 
and reweighed, and usually showed a small loss in weight due to removal of adsorbed ammonia or air. The process 
was repeated until the weight was constant, and after a short final evacuation purified kerosene was added through 
the three-way tap until the solid was covered. The bottle was removed and filled with the liquid, the stopper firmly 
replaced, and the whole weighed after 30 mins. in a thermostat at 25-00°. 

The composition of the solid as determined by synthesis was not exact, since evacuation altered it appreciably ; 
hence, after the final weighing the contents of the density bottle were washed into excess of N-hydrochloric acid and 
titrated with n/10-alkali with bromothymol-blue, the end-point not being obscured by the pale green nickel ion. The 
results are given below, V,, being the molecular volume. Extrapolation gave the molecular volume of NiCl,,6NH, as 
156-52 c.c. (d = 1-4808). The density of the pure anhydrous salt was found to be 3-5426, and the molecular volume of 
ammonia in the hexammine is thus 19-99 c.c. per mol. In the solid of lowest ammonia content (4-574NH,) the average 
molecular volume is 19-39. Wyckoff (loc. cit.), with large crystals of hexammine and a flotation method, found the 
density to be 1-5206, and as calculated from X-ray analysis, 1-49. 


NiCl,,*NH3. NiCl,,~NH3. NiCl,,~ND3. 
%. d. Vw d. | d. 
5-966 1-4838 155-81 5-516 1-5320 146-05 ° 1-6111 
5-779 1-5029 151-75 5-507 1-5311 145-88 . 1-6356 
5-693 1-5158 149-82 4-674 1-6380 127-22 . 1-667 
. 1-74 129-13 


Extrapolation gives the ee of the hexadeuterammine as 1-5960 and the molecular volume as 156-40 c.c., which 
is only 0-08% lower than that of the ammine. This small difference is comparable with that found for various hydrates 
and deuterates by Bell (/oc. cit.), e.g., SrCl,, 6H,O, 6D,O, —0-4%; CoCl,, 6H,O, 6D,0, nil. 

The graph of molecular volume against composition was in each case a perfectly straight line, which enabled the 
molecular volumes of the hexammines to be determined very accurately. 

Heats of Dissociation.—In Fig. 11, the ratio PED. /Psu, for a selection of systems is B aguore against 10°/7, and it is 
seen that for the range of systems a continuous li can be drawn through the points, the ordinate of which approaches 
unity with increasing temperature. The points for calcium chloride lie on a second line below the first: The gradual 
approach to equality with rise of temperature is to be expected from the similar results found with the vapour pressures 
of water and deuterium oxide. 

The dissociation pressure measurements can all be represented with sufficient accuracy by the equation log p = A/T + 
B, where A and B are constant for each system. The thermodynamic treatment, with approximations fully discussed 
by Scheffer (Joc. cit.), shows that this may be written as logy, ~ = q/4-576T + B, where g is the heat of dissociation 


| 
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absorbed per mole of NH, or ND. Although q is given by the slope of the linear graph of log p against 1/T, a tabulation 
of the deviations of each point from the line enabled the final value to be improved by the method of least squares. The 
values of q and B found are given in Table III, in which the values of B refer to cm. of mercury as the pressure unit. 


Fie, 11. 


Relation between pyu,/Pxv, and Temperature. 


Lil, 4/3 
Lil, 3/2e. 
Lil, 2/10. 


CaCl, 8/4x. CaBr2,6/60. LiCl,4/3a. Libr, 4/30. 
Callz,4/20. Cabr2,6/2s. Litl,i/2a. Libr, 3/2e. 


1 


Lill, 2/09. Libr, 2/To. 


‘7 
3600 
System, q, g.-cals. 
CaCl,,8/4NHg ......... 10,950 
CaCl,,8/4ND, ......... 11,630 
CaCl,,4/2NH, ......... 11,160 
CaCl,,4/2ND, ......... 11,780 
CaBr,,8/6NH; ......... 10,920 
CaBr,,8/6ND, ......... 11,310 
CaBr,,6/2NH; ......... 11,950 
CaBr,,6/2ND, ......... 12,200 
CaBr,,2/1NH, ......... 15,550 
CaBr,,2/IND, ......... 15,920 
CaBr,,1/0NH, ......... 17,950 
CaBr,,1/OND, ......... 18,400 
9,860. 
BaBr,,8/4ND,j  ......... 10,200 
BaBr,,4/2NH3......... 10,190 
BaBr,,4/2ND, ......... 10,530 
BaBr,,2/1NH;3......... 12,530 
BaBr,,2/1ND,  ......... 12,790 
FeCl,,6/2NH, ......... 12,430 
FeCl,,6/2ND, ......... 12,840 
FeCl,,2/INH, ......... 19,380 
FeCl,,2/IND, ......... 19,630 
FeCl,,1/ONH; ......... 24,300 
FeCl,,1/OND, ......... 24,450 
NiCl,,6/2NH; ......... 15,320 
NiCl,,6/2ND, ......... 15,030 
NiCl,,2/INH, ......... 19,180 
NiCl,,2/IND, ......... 19,360 
MnCl,,6/2NH; ......... 11,700 
MnCl,,6/2ND,  ......... 12,230 
MnCl,,2/1NHs ......... 16,750 
MnCl,,2/1ND, ......... 17,010 


3200 3000 2800 2600 
10§/T (°K). 
TaBLeE III. 
—A. B. System. q, g.-cals. 
2303 9-79 8,006 1750 
2542 10-21 LICL4/3ND,.....»... 8,620 1884 
2440 9-65 10,960 2395 
2575 10-01 LiC1,3/2ND, _......... 11,230 2454 
2387 9-85 LICL Z/ONH, 11,350 2481 
2472 10-07 LICL S/OND, 11,580 2531 
2612 9-04 LiBr,5/4NH, ......... 8,693 1900 
2667 9-07 LiBr,5/4ND, ......... 9,150 2000 
3398 8-67 LiBr,4/3NH, ......... 9,705 2123 
3486 8-82 LiBr,4/3ND, ......... 10,000 2186 
3924 9-10 LiBr,3/2NH, ......... 11,980 2618 
4022 9-25 LiBr,3/2ND, ......... 12,560 2745 
2155 8°85 LiBr,2/INH, ......... 10,760 2352 
2230 9-08 11,140 2435 
2228 7-99 13,300 2907 
2303 8-21 LiBr,1/OND, ......... 13,500 2951 
2739 10-12 8,648 1890 
2810 10-32 LAL BIEN Ds 8,898 1945 
2719 8-895 11,100 2426 
2805 9-154 LiL,4/3ND, ............ 11,540 2518 
4236 9-57 11,200 2448 
4291 9-64 ee ee 11,610 2538 
5312 10-71 ee: ae 2,430 2717 
5345 10-73 12,770 2792 
3285 9-33 NalI,4-5/ONH, ......... 9,400 2055 
3349 9-43 NalI,4-5/OND, ......... 9, 2118 
4194 9-18 CuSO,,5/4NH, _...... 14,250 3115 
4232 9-22 CuSO,,5/4ND, ...... 15,090 3298 
2557 8-981 CuS0O,,4/2NH, ...... 15,270 3338 
2673 9-267 CuSO,,4/2ND, _...... 15,930 3482 
3661 8-98 CuSO,,2/INH, _...... 19,380 4181 
3718 9-08 CuSO,,2/IND, _...... 19,610 4289 


wwe 


SSELES 


bo bo 


bo 


The difference between the heats of dissociation for the solid and partly liquid systems containing lithium halides are 
equal to the latent heats of fusion L per mole of one or other of the solids, in some cases the higher and in others the 


lower ammine or deuterammine, as explained above. 


In the following table the solid system is denoted by s and the 


solid—liquid by s.J. Except for sodium iodide, L is greater for the ammonia system. 


Ths authors thank the 


QuEEN Mary (UNIvERsITY oF LonpDoN). 


LiBr,2/INH,. LiBr,2/IND,. _Lil,4/3NH,. 
as 10,760 11,140 11,100 
7,077 7,731 14,970 
Sia 3,683 3,409 3,870 
Nal,4/5NH;. Nal,4/5ND,. _Lil,3/2NH,. 
asian 9,400 9,690 11,200 
i 7,730 7,836 7,595 
Leite 1,670 1,854 3,826 


Lil,4/3ND,. 


11,540 
15,130 
3,590 
Lil,3/2ND,. 
11,610 


7,925 
3,625 


Department of Scientific and Industrial Research for a maintenance grant to one of them 
(A. B. H.), and Prof. R. G. W. Norrish, F.R.S., and the University of Cambridge for allowing them to complete the work in 
their laboratories and giving them every facility for doing this. 
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37. The Course of Autoxidation Reactions in Polyisoprenes and Allied Compounds. 
Part IV. The Isolation and Constitution of Photochemically-formed Methyl 
Oleate Peroxide. 


By ErRNEsT HAROLD FARMER and DoNALD A. SUTTON. 


Methyl oleate absorbs oxygen readily at 35° to give a peroxide, which can be isolated, but not completely 
freed from other substances, by continuous molecular distillation of the product. This somewhat impure 
peroxide consists mainly of mono-hydroperoxide, but contains a little di-hydroperoxide together with some 
peroxide transformation product. The mono-hydroperoxide retains the olefinic unsaturation of the oleic ester 
intact, and is doubtless formed by substitution of the -OOH group in the oleic chain at one or other of the 
methylene groups adjacent to the double bond. The mono-hydroperoxide can be hydrogenated to give methyl! 
hydroxystearate, or reduced by aluminium amalgam to give methyl hydroxyoleate. 

Another method for the separation of hydroperoxide from unchanged ester (which can be used with 
moderate success where the total quantity of material involved is comparatively small) consists in the selective 
adsorption of the peroxide on alumina. 


OxeIc acid has been selected for study as being the mono-olefinic counterpart of the unconjugated diene and 
polyene acids forming the drying-oil group. Because of its mono-olefinic character, oleic acid undergoes 
autoxidation much less readily than do the more unsaturated long-chain acids : hence, to produce a reasonable 
rate of oxygen absorption it is necessary to resort either to reaction at temperatures considerably above room 
temperature (preferably with a catalyst present) or to reaction under ultra-violet illumination. Careful 
studies have been made by Skellon (J. Soc. Chem. Ind., 1931, 50, 382 T) and by Ellis (ibid., 1925, 44, 401 1) 
of the products (all non-peroxidic) formed in the thermal reaction under various conditions; nevertheless, there 
is as yet no clear account of the course actually followed in this reaction, which presumably, like photo-oxidation, 
includes peroxidation and peroxide decay as consecutive stages. The progress of photochemical oxidation 
can be easily followed in the early stages of reaction, and the clear-cut results obtained may perhaps serve as a 
guide to the elucidation of the course pursued in the catalysed and uncatalysed thermal reactions. In order to 
avoid complications arising from the interaction of the carboxyl group of oleic acid with the primary products 
of autoxidation, free oleic acid has been replaced for the present purpose by its methyl ester. 

Isolation of Peroxido-oleic Ester —Methyl oleate absorbs oxygen with reasonable rapidity under ultra-violet 
illumination at temperatures little above room temperature; but unavoidably, after the early stages of reaction 
have been passed, the amount of peroxide decay which sets in increases progressively. Hence, in order to retain 
the possibility of isolating a reasonably pure primary oxidation product, it is necessary to restrict oxidation 
to an oxygen intake of about 15%: success in isolating the pure peroxide must then depend on ability to 
fractionate the resulting dilute solution of peroxido-ester in unchanged oleic ester. Two processes for 
fractionating this mixture have been examined, viz., continuous molecular distillation at 65° and 
chromatographic analysis. 

Continuous molecular distillation by the procedure described by Farmer and Van den Heuvel (ibid., 1938, 57, 
24) has given good results, two passages of the partly autoxidised ester through the still serving to remove 
unchanged ester by volatilisation, leaving a peroxidic residue having the correct analysis, the correct peroxidic 
oxygen content, and the correct unsaturation for a mono-olefinic hydroperoxide, C,7Hs,(0OH)-CO,Me. Thecom- 
pleteness with which this residue retains the unsaturation of the original ester, however, varies a little from 
experiment to experiment, as is shown by hydrogenating samples of the products, whereby figures varying from 


1-97 to 1-86 mols. of hydrogen consumed have been observed [C,;H,,(OOH)-CO,Me —$ C,,H,,(OH)-CO,Me + 
H,O0]. Various of these saturated hydrogenation products have been investigated after saponification, and it is 
clear that, although the overall composition of the free acid invariably agrees closely with that required for 
hydroxystearic acid, yet the acid is never entirely homogeneous. The major and the minor components of this 
mixed acid, however, cannot be easily or economically separated by fractional crystallisation owing to their 
similar solubilities, although systematic crystallisation has shown that the sample of peroxido-ester requiring 
1:86 mols. of hydrogen for reduction and saturation contained a little stearic acid, much (certainly 50%, 
probably well over 70%) of a hydroxy-acid agreeing in composition and active hydrogen value with mono- 
hydroxystearic acid, and a little acid which appeared from its analytical values to be a mixture of dihydroxy- 
and epoxy-stearic acid. When a further (slightly purer) sample of the hydroperoxido-ester was reduced with 


2 
aluminium amalgam, to destroy the peroxide, groups [C,,H,(OOH)-CO,Me —> C,;H,,(OH)-CO,Me + H,0], 
an unsaturated ester approximating in analysis and unsaturation to methyl hydroxyoleate was obtained ; 
this product almost certainly contained small amounts of oleic, dihydroxyoleic, and oxidostearic esters. 

A better result has been obtained by pressing high-vacuum distillation of the peroxidised methyl oleate to a 
point at which not merely the unchanged oleic ester but the main bulk of the peroxido-ester itself had distilled, 
since in this manner the last traces of unchanged oleic ester could be effectively and fairly economically segregated 
in a small first peroxido-ester fraction, leaving the main part of the distilled monoperoxido-ester almost 
uncontaminated by its secondary transformation products. It had been hoped to reduce this fairly pure 
peroxido-ester quantitatively to methyl hydroxyoleate, by means of aluminium amalgam, but this reagent in 
common with various other reducing agents (e.g., ferrous sulphate) appears always to bring about a considerable 
degree of secondary change side by side with the desired reduction of hydroperoxide groups. Hence the 


: 
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peroxide-free reduction product proved to contain a proportion of material of higher oxygen content than 
hydroxyoleic ester: nevertheless, it gave on complete hydrogenation in presence of platinum, followed by 


saponification and crystallisation of the products, a 71% yield of hydroxystearic acid. This yield is regarded 
as a minimal one. 


The monohydroxy-acid melted not very sharply at 60—65°, and, as might be expected, consisted (apparenfty) 
of two isomerides, since the bromostearic acid formed from it by the action of hydrogen bromide or phosphorus 
tribromide was always resolvable into two portions, one crystalline and one oily at room temperature. No 
attempt has yet been made to separate the isomeric hydroxy-acids, and to identify them with the 8- and 
11-hydroxystearic acids (III and IV) * to which substitutive attack by oxygen at the methylene groups adjacent 


C,H, (1.) (III) 


to the double bond in oleic acid should (after complete reduction) give rise. The facts observed, however, 
furnish good grounds for tentatively formulating the monoperoxidation product of methyl oleate as a mixture 
of the forms (I) and (II), and they are inconsistent with its representation as a double-bond adduct containing 


the ring system =~ 


Substitutive peroxidation similar to that discussed above doubless applies to the more highly unsaturated 
(and easily autoxidised) unconjugated acids or esters of the drying-oil series. With regard to open-chain 
conjugated acids (e.g., eleostearic acid) and their esters, however, it might be supposed that these would resemble 
terpinene and various conjugated members of the sterol group (cf. Part I, p. 127) in combining additively with 
oxygen at the ends of their conjugated diene systems. So far, however, no such additive mode has been 
observed; Heinadnen’s conclusion (Ann. Acad. Sci. Fennicae, 1938, [A], 49, 1) that methyl sorbate, 
CH,°CH:CH-CH:CH-CO.Me, in diffused light, adds oxygen at the y8-double bond is based on equivocal evidence, 
for it has been found in these laboratories that attack by oxygen probably. occurs largely at the e-carbon atom, 
so resembling the oxidation of sorbic acid to muconic acid in the animal body (Kuhn and Kohler, Z. physiol. 
Chem., 1937, 247, 197). _Heinanen’s abnormally high peroxide yields may be due to the fact, which he ignores, 
that sorbic ester, like peroxides, ordinarily liberates iodine from 65% hydriodic acid at 90° (Heinanen’s con 
ditions), and so invalidates the method of peroxide determination employed. 


EXPERIMENTAL. 


Oxidation of Methyl Oleate—Methy] oleate (99 g.), derived by esterification of carefully purified oleic acid, was placed 
without solvent in a Pyrex flask mounted on a shaking machine and connected with an oxygen reservoir. At first, 
the air in the flask was replaced by oxygen; afterwards, the flask was shaken at a sufficiently rapid speed to ensure 
good agitation, and at the same time it was irradiated by light from an ultra-violet lamp (Hanovia U.V.S. 500). The 
temperature in the flask was maintained at about 35°, and during about 4 hours 1134 c.c. of oxygen (18° and 755 mm.) 
were absorbed. This oxygen intake amounted to 1-51% by weight of the oxidation product, and immediate determination 
of the peroxidic oxygen content of the latter (method of Bolland ef al., Trans. Inst. Rubber Ind., 1941, 17, 29) gave the 
value 1-29%, or 85% of the total observed oxygen intake. Several similar oxidations with fresh portions of methyl 
oleate gave exactly comparable results. 

The oxygenated ester (99-4 g.), containing much unchanged methyl oleate, was distilled at 10-5 mm. pressure in a 
Watermann type of continuous molecular still (procedure of Farmer and Van den Heuvel, /oc. cit.), the heating surface 
being maintained at 65°. The distillate (64-9 g.) had P.O.C. (for definition, see J., 1942, 133) 0-197%, representing 0-13 g. 
of peroxidic oxygen, and the residue (32-9 g.) left in the still had P.O.C. 3-25%, representing 1-07 g. of peroxidic oxygen. 
The total oxygen present in peroxidic form in distillate and residue was thus 1-20 g., and account being taken of the 
manipulative loss of 1-6 g. (due mainly to hold-up in the still), the recovery of peroxidic oxygen was ca. 95%. Hence the 
proportion of non-peroxidic oxygen in the peroxidised ester owing its presence to peroxide decay during the oxidation 
or during distillation was comparatively small. The residue (residue 1) was redistilled at 10-* mm. pressure, giving 
distillate 2 (16-7 g.) having P.O’. 0-34% and residue 2 (14-9 g.) having P.O.C. 6-3%, and then the residue 2 was redistilled, 
giving distillate 3 (4-6 g.) having P.O.C. 0-64%, and residue 3 (9-6 g.) having P.O.C. 9-84%. The residue 3 appeared 
from analysis to be substantially pure methyl hydroperoxido-oleate [Found : C, 69-1; H, 10°85; O (diff.), 20-05; P.O.C., 
9-84; active H, expressed as ‘OH, 4-7. C,,H;,O, requires C, 69-4; H, 11-05; O, 19-54; P.O.C., 9-76; -OH, 5-18%]. 
The unsaturation (average) of the hydroperoxido-ester as determined from the iodine value amounted to |F per 329 g. 
of ester (Calc.: |T per 328 g.); the unsaturation as determined by hydrogenation was |j$gs._ In a similar oxidation 
the residue 3 had P.O.C. 9-50% (theory, 9-76%) and gave comparable figures on analysis. 

Hydrogenation of the Hydroperoxido-ester.—The ester (1-8773 g.) was dissolved in absolute alcohol (100 c.c.), and 
shaken with hydrogen in presence of Adams’s catalyst (0-1 g.). Reaction was complete in about 15 mins., 253 c.c. of 
hydrogen (N.T.P.) being absorbed (Calc. : 257 c.c.). The catalyst was removed at the centrifuge, and the hydrogenated 
ester isolated by evaporating the solvent. The residue, a white solid, m. p. 26°, was saponified by heating it under reflux 
for 1} hours on a steam-bath with excess of potassium hydroxide (alcoholic). The hydrolysis product, isolated inthe 
usual manner, was a white solid acid, m. p. 54°, having very nearly the correct empirical composition for monohydroxy- 
stearic acid : it proved, however, on crystallisation from acetone to be non-homogeneous, the fractions varying somewhat 
in m. p. and in composition. 

Repetition of the experiment with a new sample of peroxido-ester on double the former scale gave by absorption of 
93% of the calculated amount of hydrogen a pee of m. p. 26°. This after saponification gave a crude acid (2-9 g.) of 
m. p. 54—55°, having the correct empirical composition for monohydroxystearic acid (Found: C, 72-25: H, 12-0. 
Calc. for C,,H3,0;: C, 72-0; H, 120%). This was resolved by fractional crystallisation from acetone into five fractions, 
viz.: (A) 0-9 g., m. p. 63°; (B) 0-83 g., m. p. 58—60°; (C) 0-21 g., m. p. 56—58°; (D) 0-32 g., m. p. 44°; (E) 0-56 g., 


* The 8-acid is as yet unknown; the 11-acid, although reported in the‘literature, has been obtained by means which 
render its constitution and homogeneity uncertain (cf. Tomecko and Adams, J. Amer. Chem. Soc., 1927, 49, 526). 
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m. p. 43—44°. The first was subdivided by recrystallisation from acetone into three parts (Ai, Aii, and Aiii), and the 
first of these parts into four sub-parts, Ai(a), Ai(b), Ai(c), and Ai(d). The analytical figures obtained were as follows : 


Fraction. Wt.,mg. C,%. H,%. Fraction. Wt.,.mg. C,%. H,%. Fraction. Wt.,mg. C,%. H, %. 


Ai(a) 31 74-9 12-55 198 72-65 12-2 Cc 210 70-55 11-7 
Ai(b) 90 75:15 12-55 Aiii 218 71-9 11-95 D 323 70°5 11-35 
Ai(c) 114 74:85 12-55 B 830 72-2 12-1 E 563 70-25 = =-:11-35 


Ai(d) 121 73-25 12-25 
requires C, 76-1; H, 13-0%. C,,H,,0, requires C, 71-95; H, 121%. C gH ,0, requires C, 68-3; H, 11-4%. 


The fractions Ai(a—c) were clearly mixtures of monohydroxystearic acid with stearic acid, having an average empirical 
composition of C,,Hs,.,O,.2., and therefore containing about 30% of hydroxystearic acid and 70% of stearic acid. The 
active hydrogen value found for fraction Ai(a) was 0-50%; the value corresponding to C,,H3,.,O,.9, is 0°-45%. The 
fractions Aii, Aiii, and B, which constituted more than half the total material, were substantially pure monohydroxystearic 
acid. The last of these fractions gave an active hydrogen value of 0-64%, thus agreeing with the calculated value for 
hydroxystearic acid (0-66%). Fractions D and E had nearly the same empirical formula, C,,H4.,03.5, the oxygen 
value in which pointed to the presence of a mixture of mono- and di-oxygenated stearic acid, and the rather low hydrogen 
value indicated that the mono-oxygenated acid was an oxido- rather than a hydroxy-stearic acid. The analytical figures 
for carbon and hydrogen, and the active hydrogen value (Found: 0-618%) agreed with those for a mixture composed 
of 55% of oxido-acid and 45% of dihydroxystearic acid (Calc.: C, 70-55; H, 11-45; active H, 0-616%). 

A portion (0-19 g.) of the monohydroxystearic acid (fraction Aiii), m. p. 58—59°, was dissolved in 5 c.c. of glacial acetic 
acid contained in a narrow Carius tube, and the solution treated with excess of dry hydrogen bromide for 1 hour. The 
tube was sealed and then heated at 75° for 3 hours. From the product, on cooling, some crystals separated: these 
represented <10% of the whole and proved to be unchanged hydroxystearic acid (Found: C, 69-9; H,11-9%); they were 
convertible by phosphorus tribromide into a crude semi-solid bromide (Found: Br, ca. 22-56%). From the filtrate, on 
standing, crystals (i) separated at the surface, and an oily solid (ii) at the bottom. These were separated, washed, dried, 
and analysed. Both (i) and (ii) proved to be nearly pure bromostearic acid [Found : (i) C, 59-7; H, 9-45; Br, 19-9; 
(ii) C, 59-55; H, 9-55; Br, 20-4. Calc. for C,,H,,0,Br: C, 59-5; H, 9-65; Br, 22.0%]. The semi-solid bromo-acid 
yielded solid and oily forms on filtration, the latter in greater amount. Repetition of the bromination also gave liquid 
and solid forms of the bromo-acid, and it appears likely that one of these was derived from 8-hydroxy- and the other 
from 11-hydroxy-stearic acid. 

A portion of the slightly impure hydroxystearic acid, m. p. 58—60° (0-3 g.), was heated on a steam-bath for 1 hour 
with excess of chromic oxide (0-2 g.) dissolved in 5 c.c. of glacial acetic acid. The product, precipitated when the acid 
solution was poured into water, proved to be only partly oxidised. The mixed product gave a crude semicarbazone, 
m. p. 71—74°, but the small amount available could not be wholly freed from hydroxy-acid and from sodium salts. 

Reduction of the Hydroperoxido-ester with Aluminium Amalgam.—A new sample of methyl hydroperoxido-oleate 
(23-2 g.) was prepared by continuous molecular distillation of an oxidation product from pure methyl oleate (258-6 g.) 
in which the incorporated oxygen amounted to 1-06% of the whole (Found : C, 69-5; H, 11-05; P.O.C., 9-57. Calc. for 
Cy9H;,0,: C, 69-4; H, 11-05; P.O.C., 9-76%). A portion of this sample (9-5 g.) was added to amalgamated aluminium 
foil contained in a 500 c.c. flask, completely covered with moist ether. Vigorous refluxing of the solvent occurred in the 
early stages of reaction, and after 22 hours the ethereal liquor contained only a trace of peroxide. The ethereal liquor 
was filtered and the aluminium hydroxide well washed with acetone in an endeavour to elute any adsorbed reduction 
product. The filtrate yielded 7 g. of colourless, mobile, slightly hygroscopic oil which, when completely freed at reduced 
pressure from solvent, gave figures showing rather too high an oxygen content and too low an unsaturation for pure 
methyl hydroxyoleate (Found : C, 72-5; H, 11-55; |. Calc. for C,sH,,0,: C, 73-05; H, 11-55%). Some secondary 
change had apparently accompanied reduction. 

Distillation of the Hydroperoxido-ester.—A sample of methyl oleate (200 g.) was oxidised to an uptake of ca. 1:19% 
and distilled at 10“ mm. as before. This time, however, after the unchanged ester had been segregated so far as possible 
in five operations, the residue was itself distilled, so that any relatively non-volatile materials (e.g., secondary transform- 
ation products of mono- and di-hydroperoxides) could be eliminated. be procedure was the following: oxidation 


65 5 65 91 1 
product —->D, + Ray D, + if + + D, + Rg, the residues Ry, Rg, 


and R, having the P.O.C. values 7-13, 9-53, 10-2 and 8-7% respectively, and the distillate D, having P.O.C. 9-68%. 
The final distillate D, had C, 69-25; H, 10-95%, and the final residue R, had C, 68-05; H, 10-7%, the former thus showing 
correct values for methyl hydroperoxido-oleate, and the latter (with too high an oxygen content, and too low a peroxide 
content) manifestly containing some proportion of secondary oxidation products. The survival of peroxidic oxygen 
in each of the distillations 1—6 varied from 88 to 98% of the amount present before distillation, the variation from one 
operation to another being probably more apparent than real, reflecting the range of experimental error (+5%) in the 
method of peroxide determination employed. Reduction of the peroxide groups in a portion of the final residue R, 
by means of zinc dust and acetic acid (mixed with some acetone) gave a peroxide-free, oily product showing roughly 
the expected unsaturation and composition having regard to its original verre content (Found: C, 70-65; H, 10-6%; 
|r per 310 g.); the crude reduction product, however, was rather less mobile than methyl hydroxyoleate and hence possibly 
contained some proportion of bimolecular condensation product. 

Reduction and Hydrogenation of the Distilled Hydroperoxido-ester.—The distilled ester (distillate D,) was reduced as 
before with aluminium amalgam and the peroxide-free unsaturated ester (methyl hydroxyoleate) so obtained proved 
as on the previous occasion when aluminium amalgam was the reagent to have an unduly high oxygen content (Found : 
C, 72-4; H, 11-55%). Hydrogenation of the impure ester in presence of Adams’s catalyst (0-71 mol. uptake) * gave 
correspondingly impure methyl hydroxystearate as a white solid, m. p. 26—27° (Found: C, 70-7; H, 11-8. Calc. for 
C,9H3,0,: C, 72-55; H, 12-15%). The bulk of the impurity was removed when the ester was saponified with excess of 
alcoholic sodium hydroxide and the free acid precipitated by acidifying the product and diluting it with water; under 
these conditions the most highly oxygenated component remained dissolved in the mother-liquors and the nearly pure 
hydroxystearic acid (m. p. 55—56°) was obtained as a white crystalline powder closely resembling stearic acid (Found : 
C, 71-6; H, 12-05. Calc. for C,gH;,0,: C, 71-95; H,12-1%). By fractional crystallisation of the crude hydroxystearic 
acid from acetone, 60% separated at once as colourless crystals, m. p. 60—65°, of correct composition (Found : C, 71-8; 
H, 12-0; active H, 0-71. Calc.: active H, 067%), leaving a sticky, semi-solid acid (Found: C, 70-35; H, 11-6%) 
which gave on recrystallisation from aqueous acetone a further 11% of hydroxystearic acid, m. p. 60—65° (Found : C, 


* The unexpectedly low uptake is attributed to the inadvertent use of an aged specimen of catalyst. 
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71-75; H, 11-95%), and a semi-solid acid of rather higher oxygen content, which could not be satisfactorily crystallised 
further. The total yield of hydroxystearic acid isolated from the distilled peroxido-ester was thus 71%. 

Reduction of the Hydvoperoxido-ester with a Ferrous Salt.—A mixture of hydroperoxido-ester (5-6 g.; P.O.C., 9-76%), 
sulphuric acid (2 c.c. of d 1-84 in 100 c.c. of water) and ferrous ammonium sulphate (30 g.) was shaken at room temperature 
for 20 hours. . The light brown mobile oil in the resulting mixture was taken up in ether, washed several times with water, 
and dried over anhydrous sodium sulphate. It weighed 4-2 g. and still contained peroxidic oxygen (P.O.C. 1-6%) (Found : 
C, 70-6; H, 10-9%). A second portion of hydroperoxido-ester when treated similarly had P,.O.C. 1-5% (Found: C, 
70-25; H, 10-85%). Reduction of the peroxide groups to hydroxyl by this method was thus small, although the bulk 
of the peroxidic oxygen was redistributed. 

Separation of the Hydroperoxido-ester by Chromatographic Adsorption.—A sample of peroxidised methyl oleate (16-7 g.) 
containing 1-14% of incorporated oxygen was dissolved in 800 c.c. of light petroleum and passed slowly through a column 
of alumina (35 cm. x 2 cm.) which had been previously washed with 100 c.c. of glacial acetic acid and then with 220 c.c. 
oflight petroleum. The adsorbate was washed with more light petroleum until the filtrate gave a positive test for peroxide 
(50 c.c. used). The receiver, containing 850 c.c. of light petroleum and unoxidised ester (Filtrate I), was then changed, 
and the washing continued first with more light petroleum (50 c.c.) and then with 150 c.c. of methanol (Filtrate II). The 
filtrate I was found to contain only a negligible amount of peroxide, and it gave on evaporation 14-7 g. of unchanged 
methyl oleate. The filtrate II, when evaporated below 50°, gave 1-9 g. of oil, having P.O.C. 8-67%. Ifit isassumed that 
the whole of the oxygen originally incorporated was in peroxidic form, the recovery of peroxidised ester by the chromato- 
graphic method was 87%. 


We thank Dr. W. T. Chambers for carrying out the analyses. 
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38. The Course of Autoxidation Reactions in Polyisoprenes and Allied 
Compounds. Part V. Observations on Fish-oil Acids. 


By Ernest Harotp FARMER and DoNALD A. SUTTON. 


The highly unsaturated acids of fish-oils and their esters are readily autoxidisable. Methyl 
docosahexaenoate, C,,;H,,0, ({§), absorbs oxygen rapidly, the oxygen forming peroxide groups. These groups 
decompose spontaneously, causing chain scission in some molecules and forming oxygeno-groups in some others. 
Many of these oxygenated molecules appear to contain only one atom of absorbed oxygen per C,, chain. The 

. unpleasant fishy odour of fish-oil acids and their esters appears to be due entirely to the scission products. 
Spectroscopic examination of autoxidised methyl docosahexaenoate reveals an intensity of absorption which is 
considerably greater than that of the original ester. 


OxzEIc acid and its esters may be regarded as displaying a typically mono-olefinic degree of susceptibility 
towards autoxidation, but in passing from these to polyolefinic substances the susceptibility greatly increases : 
whereas oleic acid is attacked by oxygen only slowly at room temperature and in diffused daylight, the polyene 
acids of fish-oils undergo very rapid change under these conditions. The strong tendency to autoxidation 
amongst polyolefinic substances is encountered in both the conjugated and the unconjugated series, as 
exemplified by the carotene pigments and parinaric acid (C,;H,,CO,H, |7; cf. Farmer and Sunderland, J., 
1935, 759) on the one hand and by rubber on the other. The autoxidative behaviour of the unconjugated 
fish-oil acids presents certain points of considerable interest in relation to the observations on oleic acid recorded 
in the preceding paper, and to similar observations on rubber (cf. succeeding paper), and hence brief consideration 
is given to them at this point, although owing to war conditions it has not been possible to work with freshly 
isolated specimens of the acids. ; 

A specimen of methyl docosahexaenoate (C,,H;,0,, [¢) (91-3 g.) which had been isolated by Farmer and Van 
den Heuvel (J. Soc. Chem. Ind., 1938, 57, 24; J., 1938, 427) was found to have absorbed 5-75% of oxygen on 
standing (mostly in the dark) for about 4 years at atmospheric pressure in a stoppered flask to which air had 
been admitted on several occasions. This specimen had an insignificant peroxide content (<0-1%), indicating 
that any peroxide groups formed by the incorporation of oxygen had nearly all undergone secondary trans- 
formation. The autoxidised ester when submitted to distillation at 10“ mm. in a Watermann-type molecular 
still, using only a few seconds’ contact of the oil-film with the heating surface (maximum temperature, 110°), 
lost at once its most highly oxygenated components by volatilisation into the pump, leaving an ester having 
the average composition Cy3H,,O..9,.* The material so lost was but little (5-0 g., including the still hold-up), 
and by reason of its volatility must be regarded as consisting of products of oxidative chain-scission: the 
remainder, on the other hand, was composed of undegraded (i.e., umsevered) ester-molecules, most of which 
were in the original unoxidised condition, although some were oxygenated, doubtless being derived from 
peroxido-molecules by secondary transformation. 

In the course of the molecular distillation the unchanged hexaene ester, as might be expected, showed 


* The C/H atom ratio for this material and for its distillation fractions (below) is written as C,;/H,, to correspond 
with that of methyl docosahexaenoate, although the experimentally observed ratio (average of 10 analyses) was actually 
Cys/Hyq.¢¢- An excess of Hy.,, in an ester molecule C,,H,,O,, although within usually accepted limits of microanalytical 
error (calc. for C,;H,,0, : C, 80°64; H, 10-01%. Calc. forC,,H,,.,,0, : C, 80-48; H, 10-19%), is nevertheless unexpectedly 
large in comparison with our usual error in hydrogen determination and may possibly be significant (see below). In the 
present paper, however, the feature of interest is the oxygen content of the autoxidised material, and this would be 
diminished by only a trivial amount if the higher hydrogen value were correct. 
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some tendency to distil preferentially to the oxygenated portion, but the separative efficiency of the still 

was insufficient to bring about a reasonably good separation of unoxygenated from oxygenated molecules 

unless these (respectively) differed in molecular weight by as much as 30 units (i.e., by two atoms of oxygen). 

In practice it was found that after the material had been twice passed through the still no further useful degree 

of separation could be effected with the limited quantity of ester at disposal. The least oxygenated ester had 
then an average empirical composition of C,,H;,0,.,¢. 

That peroxidation represents the first stage in the autoxidation of the unsaturated fish-oil acids, as it occurs 
spontaneously in the diffused light of the laboratory, was strikingly shown by exposing (in February) a sample 
of the least-oxygenated distillate to air in a shallow dish. In 7 days 5-2% of oxygen (1-2 atoms) had been 
absorbed, all of which, within the limits of accuracy of the method of determination employed, was in peroxidic 
form. This speed of oxidation is greater than has hitherto been observed in these investigations for thermal 
oxidations, and greatly exceeds that found for the polyisoprenes. Doubtless, the great speed is due to the 
particular susceptibility to oxidative attack of the methylene groups which stand between double bonds in the 
carbon systems 

Account being taken of the known limits to the separative efficiency of the still, the oxygenated molecules 
which ultimately and unavoidably passed over with the unoxidised molecules may be concluded to be mono- 
oxygenated molecules (C,,H;,0;). Such mono-oxygenated compounds could be either hydroxy- or epoxy- 

. derivatives of the original hexaene ester, formed by the intermolecular reaction 


*CH(OOH)-CH:CH: + -CH:CH: —» -CH(OH)-CH:CH: + -CH-CH: 
w 


Careful hydrogenation of samples of the slightly oxygenated distillate showed an unsaturation of [F7, which is 
unexpectedly low compared with the anticipated value of [55 * for a product possessing the observed oxygen 
content. This discrepancy in the unsaturation value seems rather too large and persistent to be attributed to 
analytical imprecision, and it may perhaps be due to the presence in the original fish-oil ester of a proportion 
of pentaene ester C,,H,,O, (clupanodonic ester) which the somewhat less accurate analytical technique in 
use at the time of Farmer and Van den Heuvel’s study failed to reveal.t This seems the more probable in that 
the above-mentioned excess in the H/C ratio disappeared entirely during hydrogenation to give the correct 
ratio (Cyp9H,4.9) for the saponified, fully saturated product. A final decision, however, on the point must 
await the isolation of new samples of the highly unsaturated C,,-acid from fresh cod-liver oil. 

The highest oxygen content observed for the less volatile part of the autoxidised ester had the average formula 
C,3H;,0,.4;, but the quantity of this more highly oxygenated material available was insufficient for satisfactory 
fractionation, so the proportions of mono- and di-oxygenated ester and unoxidised and dimeric (oxygenated) 
ester contained in it cannot be stated. 

An important effect of the introduction of peroxido-groupings into the carbon chain of the polyene fish-oil 
acids is the production of a marked increase in the capacity of the acids or their esters to absorb light—especially 
light of the shorter wave-lengths. In the diagram is shown the absorption curve (curve I) for the slightly 
oxygenated fraction of the C,,-ester (the data for which were obtained soon after its distillation, strict precautions 
being used against oxygen-access) together with that (curve II) for the same specimen after it had been exposed 
in a dish to air for 10 days. A similar oxidation effect is to be seen in the absorption curves for fresh and two- 
days-old samples of the liver-oil of ling (Molva vulgaris) published by Edisbury, Morton, and Lovern (Biochem. 
J., 1933, 27, 1455), although the cause of the observed differences is not traced by these authors to autoxidation. 
Reproductions of the latter curves have been added to the diagram for comparison, curve III representing a 
fresh solution of the mixed (saturated and unsaturated) glycerides contained in the liver-oil, and curve IV the 
same solution after 2 days. Autoxidation, as is shown elsewhere, materially affects the density of polyene 
substances: consequently, it is of the utmost importance to take exceptional precautions against ingress of 
oxygen during physical studies of unconjugated as well as of conjugated polyene substances. The details of 
curve I will be discussed in a later paper. 

Although the unconjugated polyene acids absorb oxygen very rapidly, and the whole of this oxygen up to 
at least 1-34 atoms uptake can survive in peroxidic form, yet a serious degree of peroxide decay is not long 
deferred. A sample of slightly oxygenated ester, when left open to the air for 24 days in the diffused light of 
the laboratory (in May), showed a net gain of 13-5% of oxygen (i.e., an average of 3-7 atoms), of which only 
5% was in peroxidic form. The sample gelled in the process, and doubtless had undergone a considerable degree 
of degradation (as well as molecular intercondensation). This change was reflected in the marked decrease 
in the H/C ratio from 0-1257 to 0-1174, probably denoting loss of water (and possibly also of carbon dioxide) 
from the oxidation product. 

It is of interest that prolycopene, a cis-trans-conjugated isomeride of lycopene (CygHg,, [,) has recently 


* This value assumes that the oxygenated impurity contained 50% of pentaene epoxy-ester and 50% of hexaene 
hydroxy-ester. In the very unlikely event of the impurity consisting wholly of epoxy-ester the overall unsaturation 
would still be fgg. The usual experimental error in determining the unsaturation of these easily hydrogenatable 
polyene esters corresponded to < | per molecule. 

¢ It was a matter of some surprise when docosahexaenoic acid was first isolated in a heat-unaltered condition that no 
Cyepentaene acid appeared to be admixed with it, although a heat-altered (probably cyclised) pentaene acid forms an 
important constituent of liver-oil acids which have been strongly heated. No separation of C,,-acids of different degrees 
of unsaturation could be expected by molecular distillation. 
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been observed by LeRosen and Zechmeister (J. Amer. Chem. Soc., 1942, 64, 1075) to absorb 9 mols. of oxygen 
per mol., but since no determination of the peroxidic oxygen content has been made at this or at other stages 
of the autoxidation, it is not evident how much oxygen can be taken up in peroxidic form, and hence whether 
or not a greater proportion of peroxide groups than one per conjugated diene unit is formed. 
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EXPERIMENTAL, 
Distillation of ent Methyl Docosahexaenoate-—The yellow 5-year-old specimen of the ester referred to above 


(Found : 75-25, 75-3; 9-6, 9-5%) had an intensely disagreeable fishy odour and contained 0-1% of peroxidic oxygen 
as determined by the method of Bolland, Sundralingam, Sutton, and Tristram (Trans. Inst. Rubber Ind., 1941, 17, 29). 
By submission to continuous molecular distillation with the distillation surface heated at 100° (cf. Farmer and Van den 
Heuvel, Joc. cit.) this ester (91-3 g.) was divided into two parts, a colourless Distillate I, 48 g. (Found: C, 80-0, 79-95; 
H, 10-1, 9-85%), and a Residue I, 38-3 g. (Found: C, 79-15, 79-1; H, 10-05, 9-9%). Both distillate and residue had only 
very faint odours, with only the slightest suggestion of fishiness. The distillate was redistilled with the heating surface 
of the still at 100°, so giving Distillate II, 34-7 g. (Found: C, 79-75; H, 10:2%), and Residue II, 11-9 g. (Found: C, 
79-1; H, 10-05%). Distillate II was redistilled at 80°, the small distillate so obtained being discarded (ca. 4 g.) and the 
large residue (30 g.) returned to the still and redistilled at the same temperature. Again, the small distillate was 
discarded and the larger residue (Residue III; 26-3 g.) (Found: C, 80-05; H, 10-25%; n?° 1-4930; d22° 0-9192; [Rz]p 
108-24) distilled once again at 100° in order to obtain the middle fraction of the little-oxygenated ester. This had C, 
80-0; H, 10-25%; 1-4930; 0-9214; [Rz}p 108-0. The Eisenlohr value for C,,H,,0,, is 107-2. 

Hydrogenation of the Slightly Oxygenated Distillate—This material, having on an average the formula C,,H,,0,.;; 
(0-7975 g.), was hydrogenated in cyclohexane by means of Adams’s catalyst. The hydrogen absorbed amounted to 
297 c.c. at N.T.P., pointing to an unsaturation in the original ester of [[>. On removal of the solvent a saturated ester 
was obtained. This was slightly impure methyl behenate, m. p. (without recrystallisation) 49—50° (correct m. p. 54°), 
and it gave on saponification with alcoholic sodium hydroxide impure. behenic acid, 4 (without recrystallisation) 
74—75° (correct m. p. 81°). This partly oxygenated sample of behenic acid had C, 76-85; H, 12-9%, and so corresponded 
to Coo.oFH 400229. The increase in oxygen content (from O,., to Oy.) agreed exactly with that to be expected as the 
result of saponification. 

Autoxidation of Methyl Docosahexaenoate——A sample of the slightly oxygenated but guvesete methyl 
docosahexaenoate obtained above by distillation was kept in an open dish in the air for 7 days. It increased in oxygen 
content by 5-15% of the weight taken (then having C, 75-75; H, 9-6%), and was found to contain 5-2% of peroxidic 
oxygen; its H/C ratio, however, remained unchanged (0-1267). This partly peroxidised ester had nf” 1-4995 and 420” 
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0-9634, from which, the formula being assumed to be C,,H;,O, (i.e., neglecting the fact that the sample has been 
to air), the apparent [Rz]» is 106-8; 1.¢., a nearly normal value for [Rz]p is erroneously obtained (Calc. : 107-2). 

When a similar sample was exposed to the air for 24 days, it set to a stiff gel and then had: C, 69-0; H, 7-1; O (diff.), 
229%; P.O.C., 5-0%. The increase in weight, calculated on the sample taken, was thus 15-1%. 


We thank Dr. G. A. Jeffrey for carrying out the spectroscopic examination of our specimens. 
THE British RuBBER PRoDUCERS’ RESEARCH ASSOCIATION, 
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39. The Course of Autoxidation Reactions in Polyisoprenes and Allied Compounds. 
Part VI. The Peroxidation of Rubber. 


By Ernest Haro_p FARMER and ALVAPILLAI SUNDRALINGAM. 


The course of reaction in the autoxidation of rubber has been studied, principally under photochemical 
conditions. In ultra-violet light high yields of peroxide are formed in the very early stages of oxygen absorption, 
but soon decay reactions set in so that the ratio of the peroxidic oxygen content to the oxygen intake decreases 
rapidly. The secondary products are hydroxylated compounds. 

Examination of the changes in unsaturation, in hydroxylic oxygen content, and in peroxidic oxygen content, 
as oxidation proceeds, leads to the conclusion that the oxygen enters mainly or wholly at a-methylenic carbon 
atoms to produce hydroperoxide groups and not by addition at double bonds. Chain scission accompanies 
oxidation, even from the outset of reaction, causing striking reductions in the molecular weight. The 
consumption of oxygen in relation to the degree of degradation produced is discussed. 


PEROXIDEs have repeatedly been shown to appear during the slow oxidation (perishing) of rubber in air, and also 
during both its milling in air and the passage of air or oxygen through its solutions : yet in none of the recorded 
experiments has the production of any very substantial proportion of peroxide been demonstrated. This 
arises largely because under many conditions of autoxidation no very considerable proportion of peroxide is in 
fact present in the oxidation product at any stage, but in part because no convenient and reasonably accurate 
method of determining the peroxide content in so insoluble a substance as rubber has been available. It must 
inevitably happen in a long-chain molecule of polymer-homologous type containing on the average about 5,000 
autoxidisable olefinic ynits that the progressive entrance of a heterogeneous element will yield a large variety 
of closely similar products if attack is fairly evenly distributed over the chain, but when, as in the case of oxygen, 
the heterogeneous element enters the hydrocarbon as a diatomic molecule the atoms in which can ultimately 
separate and become attached to the carbon chain in a variety of ways, and causes, as the result of its progressive 
incorporation, scission of the chain at an ever-increasing number of the olefinic units, then the potential range 
of diversity of the products becomes enormously increased. ; 

General Course of Autoxidation Reactions.—I1i consequence of the above-mentioned diversity it is perhaps not 
surprising that examination of the character of many scores of (catalysed) thermal oxidation products obtained 
by one of us with Dr. E. S. Narracott over a fairly wide range of oxygen input has given little detailed information 

_ Tespecting the course of autoxidation (details are omitted from the present communication). These products 
were, in general, neutral (i.e., insoluble in aqueous alkali) up to the oxidative stage at which ca. 0-9 atom of 
oxygen per isoprene unit had been supplied to the hydrocarbon, and after this stage increasingly acidic until, 
at the highest stage of oxidation attained (i.c., at 30% of oxygen input and temperature above 70°) only acidic 
materials were obtained. The average molecular weight of the oxidation products decreased rapidly as 
oxidation proceeded, that of the neutral products becoming reduced ultimately to a few thousand units * 
and that of the acidic products, as judged by their equivalent weights,{ ultimately to ca. 700—800 units. It 
thus appears likely that the oxidative scission reactions which are responsible for the reductions in molecular 
weight produce in the first place fragments with neutral end groups (presumably -CHO and —CO-CH,, through 
severance of the polyisoprene chains at the double bonds), and these end groups in the main escape further 
oxidative attack (to give carboxyl groups) until a fairly definite overall stage of oxygenation is reached. 
Oxidative degradation of the rubber, however, was not confined to the production of shortened and somewhat 
oxygenated chains: there were always formed, even from the outset of reaction, small, but not negligible, 
proportions of water and carbon dioxide—and possibly also traces of other volatile compounds such as the 
carbon monoxide and hydrogen observed by Dupont (Bull. Soc. chim. Belg., 1936, 45, 57; 1936, 46, 21) to 
accompany water and carbon dioxide in the autoxidation of cyclohexene and methylcyclohexene—and these 


volatile materials must, from the constancy of their formation from purified as well as from impure rubbers, 
be regarded as secondary decomposition products of the rubber itself, and not merely of the non-hydrocarbon 
constituents in the rubber. rs 


_ Recent experiments have shown that the primary autoxidation products of rubber and of other olefins 
(i.e., the peroxido-derivatives) survive in better yield under photochemical conditions of formation than under 
thermal conditions, provided exposure to light is not too prolonged, and hence the photochemical products lend 


* The (viscosity) molecular -weights given in this paper are calculated by use of Gee’s constant for rubber. The 
average molecular weight for unoxidised rubber on this basis is 350,000, or about 2} times that which would be obtained 
by use of the formerly-accepted Staudinger constant. 

f The acids being assumed to be monobasic. 
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themselves more readily to investigation of the first stage of autoxidative reaction than do the corresponding 
thermal products. Preliminary runs under photochemical conditions, a petroleum-soluble fraction of rubber 
dissolved in benzene being used, have given liquid or resinous products generally comparable as regards their 
neutral or acidic character and their degraded condition with the above-mentioned products of thermal oxidation, 
but showing considerably higher peroxide yields in the earlier stages of reaction. The details in Table I refer 
to representative products obtained at ca. 35° over a range of oxygen intake from 2% to 25%, the intake being 
determined approximately from the change in gas volume, and the oxygen content of the product more exactly 
by careful ultimate analysis. 


TABLE I. 
Photo-oxidation of petroleum-soluble rubber (in benzene) at ca. 35°. 
Approx. Oxygen Atoms Peroxidic Tod. value. 
O, input content per oxygen 
*( of). ” Character of product. (%). C,H,. (%). Found. Calc.§ M. 
: Neutral, ether-sol. 2-0 0-09 1:3 356 348-6 60,000 
6-95 0-32 2-7 312 290 — 
» (94%) 7-9 0-37 1-2 308 280 
i ether-sol. 11-6 0-56 4:0 265 238 —_— 
fe)» - (94%) 18-1 0-94 5-4 220 162 2,100 
(b) Acidic, (3%) 20-55 1-10 0-0 
ether-insol. (3%) 27-15 1-58 0-0 
(a) ,,  ether-sol. (3396) t 0-98 0-1 214 155 
32 { (b) 2 1-84 
(c) ether-insol. "58%) § 28-5 1-69 0-0 115 40-7 1,300 


“* Based on weight of rubber taken. 
+ Insoluble in all the ordinary solvents for rubber. 
t This portion separated out in the form of its sodium salt on shaking the ethereal solution of the oxidation product 


with alkali. 
§ Soluble in alcohol. 
{| Calculated on the ring-peroxide hypothesis (see J., 1942, 122). 


In all these prelimina. y runs the iodine values of both neutral and acidic products were higher than would 
have obtained if the ingoing oxygen had added at, and had so saturated, an equivalent proportion of the olefinic 
double bonds in the rubber molecule. Both the neutral and the acidic products contained a high proportion 
of hydroxylic oxygen, as determined by the Zerewitinoff method, which amounted in the early stages of 
oxidation to rather more than half the total oxygen content,* but fell off somewhat later. Products of neutral 
character survived down to a molecular weight of ca. 2000. In all cases the acidic products contained more 
oxygen than the corresponding neutral products, but none of the acidic materials contained more than a trace 
of peroxidic oxygen, although it is to be borne in mind that the use of solutions of caustic alkali in separating 
acidic from neutral products inevitably causes some peroxidic decomposition with concomitant oxidative attack 
elsewhere in the system (cf. Part I, J., 1942, 115). 

The Early Stages of Autoxidation.—The net result of the foregoing photo-oxidations was to produce a series 
of oxygenated rubbers in which at best only about 65% of the ingoing oxygen survived at the end of the operation 
in peroxidic form. Since, under the most favourable conditions of oxidation discovered, the ratio of peroxidic 
oxygen surviving in the product to ingoing oxygen declined rapidly with increasing oxygen intake (pointing to 
the inevitable onset of secondary decay reactions), it was necessary in order to investigate the structural 
character of the undeteriorated peroxido-derivatives to work with lightly oxidised rubbers. Even so, success 
in arriving at definite conclusions was wholly governed by ability to measure with reasonable accuracy (1) the 
oxygen intake of the rubber, and (2) the peroxidic oxygen content of the products together with their active 
hydrogen value and unsaturation. The most troublesome of these measurements was that of the oxygen 
intake, which had to be made under fluctuating temperature conditions in the presence of a volatile hydrocarbon 
solvent, some water vapour, and traces of carbon dioxide; the principal error, due to the solvent vapour, 
could be eliminated by use of a compensating device, but the residual error was still + 5% asa‘maximum. For 
the determination of active hydrogen values (and hence of the corresponding hydroxylic oxygen values) the 
method of Bolland, devised for the purpose, has given very satisfactory and consistent results. With respect 
to the determination of unsaturation in rubbers, no method hitherto described approaches in accuracy and 
consistency that of the iodine value method + under conditions of operation essentially as described by Kemp 
(Ind. Eng. Chem., 1927, 19, 531; ibid., Anal. Ed., 1934, 6, 52), and it has proved easily possible by careful 
attention to experimental procedure to duplicate results consistently within 1 unit, i.e., to reduce the error of 
observation in the’ present experiments to within +0-3%. 

In tracing the changes in oxygen content, peroxide content, active hydrogen value, unsaturation, and 
molecular weight from stage to stage during the earlier course of oxidation, it proved impracticable either to 

* For the accurate measurement of small concentration of hydroxyl in high-molecular compounds the Zerewitinoff 
method is unsuitable, and has been superseded in our later determinations. Under the most painstaking conditions of 
operation it gave results too high by 10—15%, but under less careful conditions was entirely misleading. 

¢ The tendency for polyisoprenes to undergo substitution rather than addition under the action of halogens has been 


the subject of a separate investigation. No significant degree of substitutive reaction has been found to occur with 
iodine chloride under the conditions laid down by Kemp for iodine valué determinations... 
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carry out carefully controlled oxidation on a large enough scale to supply representative samples for all of the 
numerous observations required at each of the oxidative stages, or even to secure sufficiently accurate measure- 
ment of the oxygen intake when absorption was interrupted at the end of each stage for the removal of test 
samples. It was found best to carry out a separate oxidation (from the same batch of rubber solution) for 
each oxidative stage, whilst keeping the intensity of illumination and the temperature as constant as possible 
through allstages. This procedure had the disadvantage that the curves representing variation of the individual 
functional values over the whole course of oxidation covered were somewhat less smooth than would otherwise 
have been the case (since small differences in illumination, reaction temperature, etc., from experiment to 
experiment were impossible to avoid), yet in all essential respects it proved satisfactory. 

The Peroxide Yield.—Determination of the variation of peroxidic oxygen content from stage to stage over 
the earlier course of photo-oxidation of rubber has, because of its importance, been carried out both in a series 
of separate single-stage experiments spread over the range of oxygenation to be covered, and in a single multi- 

- stage experiment with interruptions at different oxidative stages. Curve II (Fig. 1) shows the respective results 
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in relation to the oxygen intake, the circles representing the results of the single-stage experiments and the 
squares those of the multi-stage experiment. The yield of peroxide falls off steadily from 80% at just less than 
0-05 atom to 38% at 0-41 atom of oxygen per C,H, unit. The highest peroxide yields yet measured by us in 
these early stages fall around 90% of the oxygen intake, and if our methods of experimental determination 
were sufficiently exact to be applicable in the still earlier stages, they would probably show a value approaching 
100%. It may well be, although it is not proved, that at all stages in the photo-oxidation of rubber the whole 
of the ingoing oxygen is incorporated in the first place in peroxidic form. __ 

The Character of the Peroxide Groups.—It has been noted above that increase in the oxygen content of oxidised 
tubbers is consistently accompanied by increase in the active hydrogen content. Since existing evidence (cf. 
Parts I and II) indicates that the normal decomposition product of a hydroperoxide formed in the absence of 
special decomposition catalysts is the corresponding alcohol (the active oxygen atom of each hydroperoxide 
group being expended in oxidative attack at a near or remote double bond), it is to be expected that each 
molecule of oxygen absorbed will inevitably produce one hydroxyl group (this either forming part of an original 
‘OOH group or appearing as a secondarily formed -OH group), and this expectation will hold provided that 
all the peroxide groups formed in rubber are hydroperoxide groups and that no secondary condensation or 
dehydration reactions occur in the oxidised rubber. Therefore, in the absence of the latter types of secondary 
reaction, and complete initial incorporation of the oxygen in the form of -OOH groups being assumed, the 
observed hydroxylic oxygen content of any oxidation product is likely to be half the value of the corresponding 
oxygen intake. The hydroxylic oxygen content can be determined with reasonable precision via the active 
hydrogen content, and the degree of departure of the experimental from the calculated hydroxylic oxygen 
values is shown in Fig. 2 (curves I and II). It is seen that in the very early stages of oxidation, where nearly 
all of the oxygen present occurs in peroxide groups, there is little deviation of the observed from the calculated 
values and hence'the peroxide groups themselves cannot be other than hydroxylic (i.e., hydroperoxidic). Later, 
however, when peroxide decay is rapid and the proportion of secondarily-formed hydroxyl groups should, in 
terms of the hypothesis, have become important and be increasing steadily, the observed hydroxylic oxygen 
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values are seen to fall short of the calculated ones (e.g., by 15% at 4-25% oxygen intake). 


be attributed either to disappearance or to non-formation of the simple hydroxyl groups. 

The steady overall increase in the proportion of simple hydroxyl groups as oxidation proceeds is to be seen 
in Fig. 2 by subtracting the ordinates of 
the curve III (expressing the change in 
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mens to constant weight at temperatures above room temperature. 


results have been obtained by drying the 
samples in a high vacuum at room temper- 
ature and making determinations on them 
as far as possible within two days of their 
isolation from the solvent: the result of 
mere keeping of the specimens for a week in 
a high vacuum at room temperature is seen 
in the rather low hydroxylic oxygen values 
at two points on curve I, Fig. 2. The gradual 
loss of water promoted by warming the 
oxidation products at reduced pressures 
leads to increased viscosity of solutions of 
the products and to increased molecular 
weight, and_on this account it seems likely, 


although it is not formally established, that 


the elimination of water results in ether 
formation (largely intermolecular) rather 
than in the production of double bonds by 
dehydration. The existence of this secondary 
tendency to the spontaneous loss of water ¢ 
being taken into account, the production of 
hydroxyl groups is in fairly satisfactory 
agreement with expectation on the basis of 
the hydroperoxidation hypothesis. 

The Effect of Peroxidation on the Unsatur- 
ation.—Peroxide groups formed by the 
action of oxygen on olefins can only be 
hydroperoxidic if they are formed by intro- 
duction of the reagent at one or other of the 
methylene groups of the chain, so leaving 
the olefinic unsaturation intact. Hence in 
the very early stages of the oxidation of 
rubber the original unsaturation of the 
rubber should be undiminished, although as 
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The falling off must 


the hydroxylic oxygen content of the 
hydroperoxide groups, i.¢., in the half- 
values of the observed peroxidic oxygen 
contents shown in curve II, Fig. 1) from 
the ordinates of the curve II, Fig. 2 
(expressing the change in the observed 


total hydroxylic oxygen). 
nothing to indicate that the progressive- 
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falling away from the expected hydr- 
oxylic values is due to the formation of 
something less than one hydroxyl group 
per peroxide group (e.g., as the result of 
some degree of ketone formation in place 


of alcohol formation *). 


On the other 


hand, there is abundant evidefice that 
oxidised rubbers lose water readily and 
unavoidably on keeping, and more 
readily still on heating; and indeed, the tendency represents an ever-present complication in the compilation 
of accurate quantitative data concerning the oxidation of rubber, owing to the impossibility of drying speci- 
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In the present experiments consistent 
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peroxide decay gets under way saturation of the double bonds will take place increasingly, as it does in the 


olefinic systems already considered. 


In order to demonstrate the uniform occurrence of hydroperoxidation 


* Assay of well-oxidised rubbers shows only very small ketone contents, which are simply accounted for by scission 


reactions. 


t The loss as shown in curve I, Fig. 2, is of the correct order for loss due to spontaneous dehydration. 
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throughout the process of oxygen absorption, it must be shown that the degree of unsaturation surviving at 
any stage in the reaction is quantitatively related to the fraction of the absorbed oxygen which remains at 
that stage in peroxidic form. Such a demonstration, however, can only be successful in the comparatively early 
stages of reaction where to no serious extent is peroxidising power being consumed in post-saturation processes, 
i.e., in chain-scission reactions requiring the expenditure of active oxygen béyond the stage at which one such 
active atom (from one -OOH group) has been used in saturating one double bond. 

The experimental results obtained for lightly oxidised rubber are shown in Fig. 3, where: (a) curve I 
represents the small change in overall unsaturation (expressed by decrease in the iodine value) which would 
obtain if all the oxygen entered in hydroperoxidic form and no peroxide-decay occurred, (b) curve II represents 
the rapid diminution of unsaturation which would occur if the ingoing oxygen molecule added at, and saturated 
the double bonds, and (c) curve III connects a series of pairs of points (circles and triangles), each pair referring 
to one of a series of separate experiments spaced over the early stages of oxidation (i.e., up to a 5% oxygen 
intake), and one point in each pair representing the experimentally observed diminution of unsaturation and 
the other the corresponding calculated value derived as indicated above * from the proportions of peroxidic 
and non-peroxidic oxygen found in the rubber at the different points of observation. The agreement between 
observed and calculated values is very good in view of the known error in the methods of determination. The 
disappearance of unsaturation as oxidation progresses is seen to be substantial, amounting even as early as 
2:6% of oxygen intake to nearly 50% of that possible on the double-bond-addition hypothesis; the rate of 
disappearance of unsaturation, however, appears to settle down to a roughly steady rate (> half the maximum 
calculated on this hypothesis), although since each pair of points on curve III represents a separate oxidation, 
with unavoidable slight differences in conditions from experiment to experiment, the true slope of the curve 
may differ slightly from that shown. 

Chain-scission Reactions—The distribution of the active oxygen which is rendered available for oxidative 
purposes during peroxide decay between (1) mere double-bond-saturation reactions (e.g., saturation according 


to the scheme R-OOH + -C—C:—-> R-OH + 4 oP ’) and (2) chain-scission reactions has not yet been closely 


studied. Certain observations of interest, howéver, have been made. In Fig. 3, curve IV, is shown the 
progressive diminution in molecular weight of the rubber samples used above over a course of oxidation ranging 
from 0% to 4:3% of oxygen intake. The most spectacular diminution comes, of course, in the very early 
stages of oxidation, where, apparently, minute proportions of oxygen can have a profound effect : e.g., an intake 
of about 1% of oxygen is sufficient to reduce the molecular weight from 350,000 to ca. 75,000. The stoicheio- 
metric features of this degradation, however, deserve some scrutiny. From the decrease in molecular weight 
the number of double bonds broken.can be determined, and from this number together with the corresponding 
oxygen intake value the average number of oxygen atoms which are absorbed by the rubber in severing one 
C-C bond can be calculated. This number is seen from Table II to be considerable, and to rise as oxidation 
progresses. It would seem, therefore, that no very simple scheme for the utilisation of oxygen for scission 


TaBLeE II. 
Degradation of rubber during oxidation (in cyclohexane). - 
Oxygen intake, Mol. wt. of product Oxygen atoms per Number of Oxygen atoms absorbed 
%. (in benzene). introduced. bonds broken. per bond broken. 


* In benzene + methyl alcohol. 


purposes (¢.g., such a scheme as Staudinger’s, expressed by .*«C—C- + O, —» ‘CO + -CO) is likely to be 
correct unless there exists a special capacity on the part of some few of the incorporated oxygen molecules 
(e.g., in R-OO-) for effecting scission. 

Two points, however, with regard to this number of oxygen atoms absorbed per double bond broken, are to 
be borne in mind. First, it represents only a very rough estimate since, in order to take reasonably accurate 
account of the oxygen which is consumed in producing (concomitantly with the scission) the small amounts of 
water and carbon dioxide which are known to be formed, it would be necessary to determine the oxygen intake 
correctly - within +0-01%—a requirement quite unattainable with solutions of rubber. Secondly, the number 
comprises not only those of the original oxygen molecules which expend their oxidising power (more or less 
directly) in effecting the scission of a C-C bond, but all those other. oxygen molecules which are concurrently 
incorporated in the rubber chain (as -OOH groups or their decay products) without actually causing scission. 
No close estimate, therefore, can be made of the average oxygen expenditure in purely scission reactions. 

Bound up with the question of oxygen utilisation in chain-scission processes is the problem of scission 
mechanism. It is conceivable that peroxidic radicals R-OO- play some small part in the attack on double bonds, 


* On the assumption that no chain-scission (with an accompanying consumption of oxygen in excess of 1 mol. to 
[T) has occurred. 


| 93,000 152 2:50 60:8 
1-04 75,000 210 3-32: 63-5 
| 1-62 67,000 343 : 3-83 87-6 
2-9 55,000 587 4-90 ' 120-0 
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but for the most part the scission mechanism seems to depend on the oxidative action of completely-formed 
hydroperoxide molecules, RCOOH. Whether epoxy-compounds represent usual intermediates in the scission 
process remains to be determined, but the subject of chain-scission mechanism can be studied more suitably 
witlt comparatively small olefinic molecules than with rubber, and is left for future investigation. 

Conclusions.—(1) High yields of peroxides (80—90%) are to be observed in the early stages of the photo- 
oxidation of rubber, but later on, decay reactions occur to a serious degree. Both the primary and the secondary 
products of oxidation are hydroxylated. 

(2) The observed unsaturation and active-hydrogen values of the peroxidised rubber formed in the early 
stages of oxygen absorption are incompatible with the view that oxygen adds at the double bonds of the rubber ; 
on the contrary, they are quite compatible with the view that incorporation of the oxygen results in the formation 
of hydroperoxide groups. 

(3) Oxidative scission of the chain-molecules begins at the outset of oxidation and rapidly reduces the 
molecular weight. The quantity of oxygen absorbed by the rubber at any point in the oxidation appears to 
be more than adequate, stoicheiometrically, to bring about scission of the chains by multi-stage mechanisms 
at the required number of unsaturated centres to correspond withthe observed reduction in molecular weight. 
The precise mechanisms involved, however, are obscure, and may involve in some small measure the reaction 
of radical intermediates such as R-OO-. 

(4) Water and carbon dioxide are formed in small proportions from the earliest stages of autoxidation, 
and elimination of water continues after the oxidation products have been isolated. 


EXPERIMENTAL. 


\ 

Materials.—(a) Rubber. For convenience, a “ sol” fraction of rubber, obtained by partial dissolution of crepe rubber 
in light petroleum (b. p. 40—60°), was employed. The crepe rubber was cut up and thoroughly extracted with acetone 
in the usual manner, and the residue then extracted with light petroleum in the all-glass modification of Pummerer, 
Andriessen, and Giindel’s apparatus described by Bloomfield and Farmer (Trans. Inst. Rubber Ind., 1940, 16, 69). In the 
latter operation the extracts obtained in the first 48 hours were rejected as containing oxygenated rubber, and the later 
extracts were well mixed and their rubber content precipitated by addition of excess of 95% alcohol. For the earlier 
experiments the solvent and alcohol adhering to the rubber were removed by evaporation at 15 mm. pressure, and the 
rubber finally dried at 0-5 mm. and 56° in a pistol drier. The dried rubber was stored in purified nitrogen in a desiccator, 
the nitrogen being removed by evacuation and replaced every 48 hours. For the later experiments the precipitated 
rubber was freed from solvent and alcohol by evaporation first at 15 mm. and 30°, and then at 0-5 mm. and room 
temperature, and finally it was dried for 48 hours at 10-5 mm. and room temperature. The rubber so obtained was 
rapidly cut up into small pieces (2 mm. thick), placed in glass tubes in 2-g. or 5-g. batches, and the tubes evacuated on a 
high-vacuum line for 4—6 hours and then sealed carefully whilst still attached to this line. The tubes were covered 
with black paper and kept in the dark until required. Samples of ‘“‘ sol ’’ rubber so stored retained over long periods 
their physical and chemical properties without any detectable deterioration. The following values are typical of samples 
prepared in this way: N, 0-09; ash, 0-065; C, 87-65; H, 11-85; P.O.C., <0-02%; M, 324,000. 

(b) Nitrogen. In all operations with rubber, its solutions and‘derivatives in which desired oxidation was not in 
progress, or vacuum conditions obtaining, the containing vessel was filled with purified nitrogen, commercial “‘ purified 
nitrogen,’”’ which had been freed from residual oxygen by Fieser’s process, being used. 

(c) Chloroform. The“ AnalaR ” reagent gave consistent results when used as solvent for iodine-value determination. 

(d) Carbon disulphide. The colourless ‘“‘ AnalaR”’ reagent was quite satisfactory for iodine-value determinations, 
but when thrqugh long storage after it had been exposed to air the reagent became yellow, it was distilled over and stored 
over sticks of sodium hydroxide. . 

(e) cycloHexane. The commercial hydrocarbon was shaken for 24 hours with 20% oleum (changed after 12 hours), 
very thoroughly washed with alkali and with water, and finally rectified under a jacketed Widmer column. 


Preliminary Experiments. 


Method of Oxidation.—A 2% solution of rubber in purified benzene was placed in a 500-c.c. quartz flask fitted with a 
mechanical stirrer (mercury seal) and with aside arm. The side arm was connected through a calcium chloride tube to an 
oxygen reservoir, and the air in the flask was displaced by oxygen. The flask was illuminated and somewhat warmed 
(ca. 35°) by a Hanovia mercury-vapour lamp, S. 500, placed 6—8 inches away. After a short induction period (<1 hour) 
the stirred solution began to absorb oxygen, and absorption proceeded fairly rapidly. The gas volume absorbed was read 
off directly, and corrected only for temperature and pressure. For the lower stages of oxidation 250-c.c. portions of 2% 
— | emg were taken, and for the higher stages 500—1000-c.c. portions. The duration of oxidation varied from 

to 80 hours. ; 

The Oxidation Products.—The reaction mixture was freed from solvent by distillation under reduced pressure, and, 
in the case of those products containing less than 10% of oxygen, the residue was divided into ether-soluble and -insoluble 
fractions by agitation with peroxide-free ether. At the more advanced stages of oxidation it was necessary to redivide 
the ether-soluble fraction into neutral and acidic portions by shaking the ethereal solution with dilute aqueous sodium 
hydroxide (or sodium bicarbonate).* The separation of the aqueous alkaline layer from the ether layer was usually very 
slow owing to emulsification, and hence there was some unavoidable diminution in the (already small) peroxide content 
of the separated materials due to the action of alkali, and doubtless in consequence a corresponding small increase in the 
degradation of the oxidised rubber. On eath of the products determinations for carbon, hydrogen, oxygen (diff.), 
P.O.C., and iodine value were made, and in the case of certain of the products determinations for hydroxylic oxygen 
(Zerewitinoff) and molecular weight (viscosity). The essential data aré listed in Table I. . 


Later Experiments. 


General Procedure.—Owing to practical difficulties in uniform cooling and effective irradiation of a large vessel during 
shaking, and to serious inaccuracies arising from (a) frequent interruptions of the oxidation process, (b) the difficulty in 
withdrawing at each stage numerous carefully measured portions of the viscous solution without incurring any loss, and 
(c) severe depletion of the stock (tending to make the samples unrepresentative) towards the end of the process, the 
multi-stage procedure was used only for checking the trend of variation in the proportions of single functional groups, 
and particularly for observing the relation of peroxide formation to oxygen absorption, since this required the withdrawal 
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of only 2—3 c.c. of solution at each oxidative stage. For the purpose of following the structural changes occurring in 
the early stages of oxidation, a series of separate oxidations spaced over the range of oxidation to be studied was found 
advantageous. Theadoption of thispr ure made it necessary to maintain the temperature and illumination as constant 
as possible during all stages of the oxidation, and to employ a standard method of withdrawal of samples and isolation 
of the oxidised rubbers. All oxidations were conducted in carefully purified cyclohexane at 12° with fairly rapid shaking, 
the ultra-violet lamp being placed 4 inches from the oxidation none b 

The Oxidation Vessel (Fig. 4).—This consisted of a 300-c.c. Pyrex flask, A, connected with a manometer and com- 
pensator, B, The compensator, which was connected to one side of the manometer with a cone and socket joint (B 10 
size) secured with spring clips, contained 1—2 c.c. of the pure solvent, and served to compensate (when tap C was closed) 
for the partial pressure of the solvent in the reaction vessel. The compensator was easily detachable for cleaning 
purposes. The volume of the vessel was 343 c.c. 

The free space in the vessel was the difference between the volume of the apparatus and the volume of the rubber 
solution ordinarily taken, i.e., 343 — 100c.c. To this had to be added the volume of gas dissolved in the solvent, viz., 
0:15 c.c. per c.c. of cyclohexane. Hence the total effective gas space was (243 + (100 x 0-15)] c.c. = 258 c.c. 

At the start of each experiment the mercury stood at the same height in the two arms of the manometer. When tap C 
was closed and the oxidation began, the pressure in flask A diminished owing to consumption of oxygen, and this caused a 
shift of the mercury level towards A. The gas space in B thus became greater and that in A slightly smaller, but whereas 
the change in volume in A was negligible compared with the total gas volume (258 c.c.), that in B was significant, and could 
not be neglected in determiining the true change in oxygen pressure. In order to permit measurement of the latter, the 
manometer had already been calibrated against a standard manometer before introduction of solution and solvent into 
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To reservoir 


A and B respectively. - The true change of pressure in A was found to 
pressure x 1-075, for the range of change of pressure observed. 

For measurements where the oxygen intake to be employed was in the range 0-5—2-0%, a charge in the flask of 2 g. 
of rubber in 150 c.c. of cyclohexane was advisable; where the intake was to exceed 2% a charge of 1 g. of rubber in 
100 c.c. of solvent was sufficient. With these quantities the accuracy of measurement of the oxygen intake fell within 
+5% of the true value. The charge was prepared by shaking mechanically (12 hours) a weighed sample of “ sol ” 
rubber (see above) together with the requisite amount of cyclohexane in a 150-c.c. bottle from which all air had been 
removed by evacuation and its place taken by purified nitrogen. The rubber solution was transferred to the oxidation 
apeneeine y means of a funnel having a long stem, and the funnel and bottle were well washed with a further 50 c.c. 
of solvent. Then the compensator was charged with 1—2 c.c. of pure solvent and re-attached to the manometer arm. 

_ The whole reaction vessel was cooled in ice water until the cyclohexane had completely frozen; then it was evacuated 
with an oil pump (using an interposed liquid-air trap) with taps C and D open; finally, oxygen was admitted, up to 
400 mm. pressure. Tap D was then closed, and the vessel enclosed in a beaker provided with close-fitting lid, water inlet 
and exit tubes for water-cooling, and a thermometer. The apparatus was mounted on a shaker. near to a Hanovia 
mercury vapour lamp, S 500. The apparatus was shaken, water at 12° was circulated through the beaker for 30—60 
mins. (tap C open) to permit equilibrium to be established throughout the system; then tap C was closed and the lamp 
switched on. After the desired stage of oxidation had been reached, the lamp was switched off and the apparatus shaken 
for a period to allow equilibrium to be established again. The difference in height of the mercury columns in the two 
arms of the manometer was read. The temperature of the cooling water was maintained constant throughout. The 
percentage weight of oxygen absorbed was given by 32(p/760)(V /22,400)(100/W)(273/T), where p is the corrected 
change in pressure, V the total gas e, W the weight of rubber in solution, and T the absolute temperature. 

Measurement of Oxygen Intake.—In the early stages of reaction the method described above is employed; in the later 
stages the observed intake (%) can be checked by calculating the oxygen absorbed (%) from the oxygen contents of the 
product and of the original rubber, each of these being determined (by difference) from careful carbon and hydrogen 
determinations. No generally effective way of compensating for the small amounts of water, carbon dioxide, or other 
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highly — materials formed during the oxidation has been found, and hence the error due to this cause is left 
uncorrected. 

Determination of Peroxidic Oxygen.—The method already described by Bolland et al. (Trans. Inst. Rubber Ind., 1941, 
17, 29) was used. For lightly oxidised rubbers there is great danger of partial precipitation and consequently incomplete 
reaction when the reagent is added to their solutions; hence, when the fotal oxygen content is below 15% the recommended 
mixture (73 : 27, by vol.) of benzene and methanol for dissolving the ferrous thiocyanate reagent must be strictly employed. 
When, however, the oxygen content of the oxidation product exceeds 15% the admixture of benzene with the methanol 
can be dispensed with. 

Determination of Active Hydrogen.—This proceeded satisfactorily by the method of Bolland (ibid., 1941, 16, 267) 
when the solvent employed for the oxidised rubbers was dry toluene and the Grignard reagent was made up first in dry 
ether and the uncombined ether subsequently removed completely in a high vacuum-and replaced by dry xylene. 

Determination of Unsaturation.—As with other polyisoprenes studied, the most consistent and precise values for the 
unsaturation of rubber have been obtained by the iodine-value method. Halogens possess considerable powers of 
substitution when reacting with olefinic substances, including rubber. The conditions under which iodine chloride reacts 
quantitatively and conveniently with rubber have been closely investigated by Kemp (loc. cit.) and Kemp and Miiller 
(loc. cit.); we have found the latter’s method to be very satisfactory over a wide range of conditions, but we had slightly 
to modify the procedure developed for rubber to render it applicable to oxidised rubbers. ‘ 

Kemp and Miller used carbon disulphide as solvent for rubber but for oxidised rubbers chloroform is a more satisfactory 
solvent (Kemp, Bishop, and Lasselle, Ind. Eng. Chem., 1931, 28, 1444). We found 50 c.c. of chloroform to suffice to 
dissolve and retain in solution oxidised rubbers containing >5% of oxygen, but 75 c.c. are required for products contain- 
ing <5% of oxygen. Great care is necessary in the addition of Wijs’s solution in order to avoid precipitation of any of 
the rubber; it should be slowly and cautiously released from a pipette, with calcium chloride tube attached,* on to the 
sides of the bottle, and if a wide-mouthed bottle is used for the determination there is no difficulty in doing this while at 
the same time imparting a rotatory motion to the rubber solution. In this way an undue concentration of the added 
reagent at one point is avoided. If precipitation of the rubber accidentally occurs during addition of the reagent the 
determination is abandoned; later, when the reagent has fully reacted with the rubber, precipitation does not matter. 

The operation is then conducted in the way described by Kemp and Miiller, except as regards one detail. Previous 
work on the autoxidation of cyclohexene (cf. Part I) showed that even the slightly peroxidised hydrocarbon gives too low 
iodine values owing to reaction of the peroxide with excess of the potassium iodide used in the determination. In the 
case of oxidised rubbers the effect of peroxide groups is much less but is not negligible. It is found that the undesired 
reaction can be greatly suppressed by using 100—150 c.c. of water for dilution purposes instead of the 75 c.c. recommended 
by Kemp. This serves substantially to eliminate error due to peroxidic action. . 

The end-point with most samples can be obtained within half a drop of thiosulphate, if the latter is well washed down 
and — incorporated in the tést solution by vigorous shaking. The accuracy of determination is thus within 
+0°3%. 


Multi-stage Oxidations.—The rate of formation of peroxidic groups with increasing oxygen intake was conveniently 
followed in a multi-stage experiment using the apparatus illustrated in Fig. 5. This consisted of a litre flask A as 
receptacle for the rubber solution, to which was attached a side arm (carrying a tap B and calcium chloride tube) for making 
connexion with the oxygen reservoir. The neck of the flask was closed by a ground-in hollow stopper, the lower end of 
which was sealed to a glass tube C, bent as shown, reaching nearly to the bottom of the flask, and the upper end to a short 


tube fitted with a ground-in stopper D. The tube C was required for the withdrawal of samples. 

10 G. of sol rubber of low peroxide content were dissolved in 400 c.c. of pure cyclohexane contained in a stoppered 
bottle (nitrogen atmosphere), a mechanical shaker being used. The solution was transferred to the flask A, the bottle 
being rinsed out with a further 100 c.c. of cyclohexane. The tube C and a D were placed in position, and the flask 
evacuated by means of an oil-pump (tap B open). In this operation the flask was tilted so that the lower end of C 
cleared the surface of the liquid in the flask. Tap B was then closed, the flask was enclosed in a covered beaker, acting 
as cooling jacket, through which cold water at constant temperature (14°) circulated, and the whole was mounted on 
a mechanicalLshaker. The flask was connected to the oxygen reservoir, and filled with oxygen; then, after a short 
period of gentle shaking, the gas in both was brought to atmospheric pressure. The volume of gas in the reservoir and its 
per Aang were noted. Then a’mercury vapour lamp placed 4 inches from the flask was turned on, and the flask 
shaken rapidly. 

At the end of each oxidative stage the lamp was turned off, the flask was shaken slowly for 30—45 mins. to ensure 
that equilibrium had been reached, and the volume of gas remaining in the oxygen reservoir (after a€justment of the 
pressure to atmospheric pressure) and the temperature were observed. The stopper D was then removed, the level of 
solution in the tube B was raised by increasing the pressure in the oxygen reservoir, and a sample (exactly 3 c.c.) of the 
reaction product removed for peroxide determination by means of a long-stemmed graduated pipette. Since any 
unmeasured loss of solution would entail inaccuracy in the later stages of oxidation, it was necessary to avoid undue 
wetting of the walls of the pipette. The results of a typical multi-stage oxidation are shown graphically in curve II, 
Fig. 1 (dots in circles). 

Single-stage Oxidations.—These were conducted at ca. 12° in the apparatus described above (Fig. 4). Immediately 
the oxidation of a sample was complete, the oxidised solution was pipetted into a cylindrical evaporation vessel, 55 mm. 
wide, fitted with interchangeable, flange-jointed lids suitable for attachment to a vacuum line or for use in distillation 
of the solvent. 10—15-C.c. portions of the solution were immediately taken for determination of the peroxidic oxygen 
content and the active hydrogen content of the oxidised rubber; an ong om portion was also taken for determination 
of the concentration ef oxidised rubber therein. Since ali the necessary determinations could not be made at once (the 
determination of active hydrogen alone took 6—8 hours) the remainder of the solution was treated as follows. The 
solution was freed from solvent by evaporation at 15 mm. pressure and 30°, and the residue then dried completely in 
the flange-jointed vessel at room temperature—first at 0-5 mm. for 2—4 hours, and finally at 10-§ mm. for 24—30 hours. 
The oxidised rubber at the end of this drying process was entirely free from solvent. The dry, oxidised material was kept 
attached to the vacuum line at room temperature until ai] the analytical determinations (iodine, peroxide, and active 
hydrogen values, and molecular weight) had been satisfactorily completed ; when, however, samples were to be withdrawn 
the flange-jointed vessel was filled with dry nitrogen before being removed from the vacuum line. When the required 
sample had been quickly removed, the flange-jointed vessel was returned to the vacuum line and re-evacuated. Aill 
samples withdrawn for analytical measurements were protected against bright sunlight and were weighed and used 
promptly. Peroxidic oxygen determinations were usually made with measured volumes of the solution oie | 
after the oxidation was completed and again with a dried sample : the difference between the values so obtained was small. 
All samples of oxidised rubber very slowly lost water in a high vacuum even at room temperature, and this loss increased 


* Since moisture hinders the addition of iodine chloride to the olefinic centres it is desirable to prevent its entrance 
front the air both in filling and in emptying the pipette. 
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considerably as the temperature rose. For this reason, samples which had been kept at room temperature for 7 days 
gave unduly low values for the active hydrogen content—a contingency which was not at first realised. 

All molecular-weight determinations were made by the viscosity method. The ye details apply to a typical 
run: 1-5 g. of “ sol” rubber (iod. val., 365-0) in 150 c.c. of cyclohexane were oxidised at 11° for 90 mins. ‘The change in 
pressure corresponding to a free space in the vessel of 208-0 c.c. was 29-0 mm. The oxidised material gave the values : 
oxygen intake, 0-75; P.O.C., (in solution) 0-63, (dry) 0-60%; iod. val., 360-0, 359-4, 360-0 (Calc. : (i) on basis of saturation 
effected by the non-peroxidic oxygen, 360-8; (ii) on basis of ring peroxide hypothesis, 356-0]; M,93,000. The progressive 
change in the respective values from stage to stage in the oxidation is shown graphically in Figs. 1—3. 


We thank Dr. G. Gee for carrying out the molecular-weight determinations. 


The work described in this and the two preceding papers has been carried out as part of the programme of fundamental 
research on rubber undertaken by the Board of the British Rubber Producers’ Research Association. 


THE BRITISH RUBBER PRODUCERS’ RESEARCH ASSOCIATION, 
48, TEwIn Roap, WELWYN GARDEN City, HERTs. 
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40. Polarographic Studies. Part II.* Mould Metabolites and Related Quinones. 
By James E. and F. ARNoLD RoBINSON. __ 


The behaviour at the dropping-mercury electrode of twelve mould metabolites and related quinones has 
been examined. They produce well-defined current-voltage curves in buffered and in unbuffered 75% alcoholic 


solutions and can be determined polarographically. The half-wave potentials (versus the saturated calomel 
electrode at 25°) for these quinones are recorded. - ; 


We shall show elsewhere that there is no direct relationship between the normal reduction potentials of these 
quinones and their bacteriostatic activity against strains of Staph. aureus and Bact. coli. 


In view of the present interest in antibacterial substances produced by moulds, we have examined the behaviour 
of several such substances at the dropping-mercury electrode. 


The polarogram of citrinin, a metabolic product of Penicillium citrinum, has already been described by 


_Hjrschy and Ruoff (J. Amer. Chem. Soc., 1942, 64, 1490), who found that in concentrations of 0-001—0-003m 


it gives well-defined current-voltage curves in buffered and in unbuffered 75% alcoholic solutions. The limiting — 
current was proportional to the concentration of the citrinin, and the half-wave potential in buffered alcoholic 
solution (pH 2-05) was about 0-80—0-82 v. versus the saturated calomel electrode (S.C.E.). Citrinin was reduced 
in 0-1N-potassium chloride-75% alcoholic solution, but no reduction occurred in alcoholic acetate buffer (pH 
6-0) or in alcoholic phosphate buffer (pH 7-4). 

We have confirmed these observations and extended the work to include penicillic acid, 4~-methoxy-2 : 5- 
toluquinone, 4 : 6-dimethoxy-2 : 5-toluqvinone, fumigatin, spinulosin, and 2-methyl-1 : 4-naphthaquinone. 

The reduction of benzoquinone and the oxidation of quinol at the dropping-mercury electrode were investig- 
ated by Miller and Baumberger (Trans. Amer. Electrochem. Soc., 1937, 71, 169) and by Miiller (Chem. Rev., 
1939, 24, 95; J. Amer. Chem. Soc., 1940, 62, 2434). Smith, Kolthoff, Wawzonek, and Ruoff (1bid., 1941, 63, 
1018) examined the behaviour of many quinones related to vitamin-E, and found that in buffered methanol 
solutions (pH 5-40), benzoquinone, toluquinone, ¢-cumoquinone, and duroquinone yield anodic waves, whereas 
2 : 3-dimethyl-1 : 4-naphthaquinone yields a cathodic wave. As a preliminary to the examination of the 


mould products, we examined the simpler quinones and obtained results in fair agreement with thoserof Smith 
et al. (loc. cit.) (see Table II). 


EXPERIMENTAL. 


The general procedure meet was similar to that described in Part I (Joc. cit.), a Cambridge recording instrument 
being employed. This was calibrated to read directly in microamps., by Kolthoff and Lingane’s procedure (“ Polaro- 
graphy,”” New York, 1941). Dr. Jessop’s cell was modified so that a saturated calomel electrode could be used as a 
permanent external anode. 

The capillary used had the following characteristics. Ata pressure of 41-2 cm. of mercury, the drop time (¢) on open 
circuit in 0-1N-potassium chloride solution was 3-00 secs., weight of mercury dropping per second'(m) = 1-60 mg., and 
m!2¢1/6 — 1-638. The symbols are those adopted by Kolthoff and Lingane (op. cit.). ere necessary, 0-01 % of gelatin 
was added to the solutions to depress maxima; methyl-red and similar dyes were not so satisfactory for this purpose. 
Oxygen was removed from all solutions by bubbling nitrogen for 15 mins. Experiments were carried out at 25 


M 
Me 


OM 
‘CO,H 
(IIa.) (I1b.) (III) 


The mould products examined had ,the following : (i) Citrinin is a yellow crystalline solid, m. p. 168° 


roperties 
SS Hetherington and Raistrick, Phil. Trans., 1941, B, 390 269), and has been assigned the constitution (I) by Coyne, 


aistrick, and Robinson (ibid., F 297). (ii) Penicillic acid forms colourless crystals, m. F 86° (Black and Alsberg. 
U.S. Dept. Agric. Bureau Plant Ind. Bull. No. 199, 1910), and is a tautomeric mixture of (IIa) and (IIb) (Birkinshaw, 


* Part I was published in J, Soc. Chem. Ind., 1942, 61, 93. 
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Oxford, and Raistrick, Biochem. J., 1936, 30, 394). (iii) Fumigatin, 3-hydroxy-4-methoxy-2 : 5-toluquinone (III; 
R, = OH, R, = H), consists of maroon-coloured crystals, m. p. 116° (Anslow and Raistrick, ibid., 1938, 32, 687). (iv) 
Spinulosin, 3 : 6-dihydroxy-4-methoxy-2 : 5-toluquinone (III; R, = R, = OH), forms purplish-bronze plates, m. p. 
201° (Birkinshaw and Raistrick, Phil. Tvans., 1931, B, 220, 245). 

In addition, the following synthetic substances were examined : (1) p-Toluquinone, m. p. 69°. (2) ¢%-Cumoquinone, 
yellow needles, m. p. 29—30° (Smith, J. Amer. Chem. Soc., 1934, 56, 475, »(3) Duroquinone, yellow needles, m. p. 111° 
(Smith and Dubrovolny, ibid., 1926, 48, 1420). (4) 6-Bromo-2: 3 : 5-trimethylquinone, yellow needles, m. p. 79—80” 
(Smith and Johnson, ibid., 1937, 59, 673). (5) 4-Methoxytoluquinone (III; R, = R, = H), yellow plates, m. p. 
172—173° (Ashley, J., 1937, 1471). (6) 4: 6-Dimethoxy-2 : 5-toluquinone (III; R, = H, R, = OMe), yellow needles, 
m. p. 125° (Anslow, Ashley, and Raistrick, J., 1938, 439). (7) 2: 5-Dihydroxy-4 : 6-dimethoxytoluene, obtained by 
reduction of (6), colourless needles, m. p. 148°; this is a new compound, prepared by Dr. J. N. Ashley. (8) 2-Methyl- 
1 ; 4-naphthaquinone, a lemon-yellow powder, m. p. 106° (Anderson and Newman, J. Biol. Chem., 1933, 108, 406); this 
can be regarded as a benzotoluquinone : it has a greater vitamin-K activity than any other known substance (Ansbacher 
and Fernholz, J. Amer. Chem. Soc., 1939, 61, 1924), and is used clinically to treat prothrombin deficiency. 

The buffer solutions were prepared from “‘ AnalaR ”’ reagents and each was examined on the polarograph to ensure 
freedom from impurities. They had the following compositions: (I) A mixture which was 0-1m in acetic acid and 0-1m 
in sodium acetate in water (pH 4-63). (II) A mixture 0-05m in potassium chloride and 0-01m in hydrochloric acid in 
75% (vol.) ethyl alcohol (pH 2-03). (III) A mixture 0-05m in sodium acetate and 0-05m in acetic acid in 75% (vol.) 
ethyl alcohol (pH 6-24). (IV) A mixture 0-0134m in sodium dihydrogen phosphate and 0-0536m in disodium hydrogen 
phosphate in 75% (vol.) ethyl alcohol (pH 7-4). 

The unbuffered 0-1N-potassium chloride solutions had pH values in the range 6-5—8-5. Miller and Baumberger 
(loc. cit.) have pointed out that small quantities of chloride seriously interfere with the steps due to the more easily 
reducible quinones in acid solution. At the relatively high positive potential of quinhydrone at low pH, the mercury is 
oxidised, with the formation of mercurous chloride. . 

The pH of all solutions were checked by means of a Cambridge pH meter, which was also employed for the electro- 
metric estimation of the dissociation constant (4) of penicillic acid. iil 


TABLE I. 
Cathodic and anodic waves of various quinones in different buffer solutions. 
Molar concn. Diffusion current Half-wave potential 

Compound. (C) x 105. Buffer. pH. (ta) X 108. 103i4/C. (S.C.E.). 

6-24 4:3 5-2 +0-05 
IV —0-01 

0-In-KCl +0-06 

_ 100 III 6-24 4:7 4-7 —0-07 
100 III 6-24 4:3 4:3 —0-14 
100 6-24. 3-9 3-9 —0-03 
66 III 6-24 2-8 4-2 —0-06 
IV 7-4 —0-10 

0-1n-KCl — —0-10 

55 III 6-24 2-6 4-6 —0-16 
IV 7:4 —0-22 

” 0-In-KCl —0-31 

ti 54 III 6-24 2-8 5-2 —0-16 
” IV 7 4 —0-23 

” 0-In-KCl —~0-32 

59 6-24 1-9 3-2 —0-16 
IV 7-4 —0-24 

” 0-1n-KCl —0-25 

54 III 6-24 1-9 —0-30 
” IV 7-4 —0-34 

0-1n-KCl —0-28 

63 III 6-24 2-5 3-9 —0-17 
IV 7-4 —0-24 

0-In-KCl —0-33 

40 I 4-63 4:3 2-5 —1-14 
170 II 2-03 —0-82 
170 0-In-KCl — —0-90 
58 I 4-63 2-9 5-0 —0-69 
0-In-KCl —0-85 


Results.—(Values of all half-wave potentials and steps recorded are against the S.C.E.) The experimental results 
are summarised in Table I. The values of the diffusion currents (iz) have been corrected for the residual current, and the 
half-wave potentials corrected where necessary for the resistance of the cell (iR). 

Citrinin.—The polarographic behaviour of citrinin in alcoholic solution has already been reported by Hirschy and 
Ruoff (Joc. cit.). 0-004m-Citrinin in an aqueous 0-1M-acetate buffer (pH 4-63) gives a step at —1-14 v. 

Penicillic acid. Over the concentration range 0-0001—0-001m, penicillic acid in aqueous 0-1m-acetate buffer a 
4-63) yields a well-defined step at about —0-69 v., the limiting current being proportional to the concentration. The 
method could therefore be used for estimating penicillic acid in aqueous solution; the steps in 75% alcoholic buffered 
and unbuffered solutions are not satisfactory for quantitative purposes. The dissociation constant of penicillic acid was 
also determined ; it is not a strong acid, K, being 1-26 x 10-* at 25° in aqueous solution. 

Toluquinones.—As is shown in Table II, our values for the half-wave potentials of toluquinone, 4-cumoquinone, and 
duroquinone at pH 6-24 agree reasonably well with those of Smith et al. (/oc. cit.) at pH 5-4, when due allowance is made 
for the difference in pH. It can be shown theoretically, and has been confirmed experimentally by Smith et al. (loc. cit.), 
that, in the reversible reduction of a substituted quinone to a quinol, the reduction potential increases by 0-0591 v. per 
unit decrease of pH at 25°. We have assumed this value in calculating the data for Table II. cogs 
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II. 
Comparison of half-wave potentials calculated for pH 5-4 with values of Smith et al. 
Half-wave potential. 


Compound. Calc. Smith e¢ al. 


At pH 6-24 (Buffer ITI), the half-wave potential for spinulosin is —0-30 v. and at pH 7-4 (Buffer IV) it is —0-34 v. 
The following colour changes were observed for spinulosin at different hydrogen-ion concentrations. Below pH 2:8, 
the solution is slightly buff-coloured, but at 3-1 it becomes a pinkish-violet and gradually attains a deep-purple at pH 5-5; 
the intensity of the colour then gradually diminishes, solutions above pH 8-0 being almost colourless. 

Fumigatin yields a satisfactory step, suitable for its quantitative estimation, in a 75% alcoholic acetate buffer (pH 
6-24) at about —0-16 v. The step becomes less distinct in more acid solution. Below pH 2-5, alcoholic solutions of 
— are sr -red, but on increase of pH, the colour gradually darkens and changes to mauve at pH 4-0, and deep 
violet above pH 5-4 

4: 6-Dimethoxy-2 : 5-toluquinone forms the most clearly defined steps in unbuffered 75% alcoholic potassium 


chloride and in 75% alcoholic acetate buffer (pH 6-24). The half-wave potentials are respectively —0-16 v. and —0-22 v. 
2 : 5-Dihydroxy-4 : 6-dimethoxytoluene has Ra cecreer sage the same half-wave potential as the quinone, this result 
being in keeping with observations on other similar pairs of compounds such as benzoquinone and quinol (Miiller, Joc. cit., 

1940). The height of the step for a solution of the dihydroxytoluene is slightly greater than that for the same molar 
concentration of the toluquinone (cf. Smith et al., loc. cit. 


4-Methoxytoluquinone is readily reduced in a 15% alcoholic phosphate buffer (pH 7-4), the half-wave potential being 
—0:10 v. The wave becomes anodic in slightly acid solution. 

2-Methyl-1 : 4-naphthaquinone. This quinone gives a step at —0-17 v. in 75% alcoholic acetate buffer (pH 6-24). 
From this value we can, following the method of Smith e¢ al. (loc. cit.), calculate the potential for a pH of zero (see above), 
and using 0-246 v. as the standard potential of the saturated calomel electrode, deduce that the standard normal oxidation 
potential of 2-methyl-1 : 4-naphthaquinone is about +0-43 v. This is in harmony with the figure of +0-408 v. obtained 
by Fieser and Fieser (J. Amer. Chem. Soc., 1935, 57, 491) using the classical procedure. McCawley and Gurchot (Univ 


Calif. Pub. Pharmacol., 1940, 1, 325; cf. Chem. Abs., 1941, 85, 1466) employed a polarograph procedure and reported a 
value for Ey of +0- -458 V. 


Discussion.—We had hoped to throw light on the alleged correlation between oxidation—reduction potential 
and antibacterial and related activities, suggested by certain workers, but we shall show elsewhere that for this 
limited series, the ability of a substituted quinone to inhibit the growth of strains of the Gram-negative 
B. coli is not related to the normal electrode potential of that quinone. For the Gram-positive Staph. aureus, 
on the other hand, the reduction potentials ofall the bacteriostatic quinones fall within certain limits. 
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41. Acyl Migration in Steroids. 
By V. A. Petrow, O. RosENHEIM, and W. W. STARLING. 


A remarkably facile acyl migratien, so far without analogy in the steroid series, occurs in the monoesters of 
cis-A®-cholestene-3 : 4-diol. The intermediate formation of orthocarbonic esters, analogous to that occurring 
in acyl derivatives of glycerol and carbohydrates, is suggested in explanation of the reaction. An alternative 


mechanism assuming a transannular tautomerisation, due to the presence of a potential tautomeric system 
in the A®-unsaturated diol, is discussed. 


A SERIEs of the two possible monoesters of the unsaturated a-glycol, cis-A5-cholestene-3 : 4-diol (Rosenheim and 
Starling, J., 1937, 377) has been prepared by various methods. 
The 3-monoesters (I) are obtained (a) by the action of the respective acyl or aryl chlorides, or anhydrides, 


in molecular proportion on the diol in pyridine solution; (b) by the action of selenium dioxide on cholesteryl 
esters in dioxan solution at 90°. 


The 4-monoesters (IV) are smoothly formed from cholesterol by converting it into its dibromide and allowing 


Its the latter to react with the silver salts of the respective acids in pyridine solution. The reaction is applicable 
he to other steroids possessing the same configuratign as cholesterol in rings I and II. We have thus prepared 
4-acetoxy-A*-androsten-3(8)-ol-17-one from trans-dehydroandrosterone. The method has the advantage of 
nd obviating the use of selenium dioxide in the preparation of the cis-diols. The reaction proceeds rapidly at 
room and may be as follows : 
“he R R 
vas H Hol 4 —> —> 4H 
Py. \ 
und r r r Ac R = C,,H;, 
ade Br 
nd The aliphatic 4-monoesters are further obtained by the action of selenium dioxide on the respective cholesteryl 


\ esters in acetic acid solution at 90°. An acyl migration evidently occurs during this reaction (see p. 136). 
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The position of the esterified hydroxyl group in these esters has been established in the case of the 3-mono- 
esters by the following facts : (1) Oxidation of cis-3-acetoxy-A®-cholesten-4-ol (I,R = COMe) yields an unsatur- 
ated keto-acetate, C,.H,,O3, m. p. 124°. This ketone shows the characteristic ultra-violet absorption band of 
af-unsaturated ketones with a maximum at 2400 a. and must, therefore, be formulated as 3-acetoxy-A®-cholesten- 
4-one, The unesterified hydroxyl group of the monoester is accordingly at C,.* (2) On chlorination with 
thionyl chloride the 3-monoesters of the cis-diol (I) yield the esters of 4-chloro-A5-cholesten-3-ol (II). The 
position of the esterified hydroxyl at C, in these esters is established by their identity with the esters obtained 
from the 3-monoesters of 6-chlorocholestane-3 : 5-diol (III) by a Darzens dehydration (cf. Petrow, Rosenheim, 
and Starling, J., 1938, 677), which is accompanied by an allylic rearrangement. The benzoate of (II), obtained 
in the same way, has previously been described as 6-chloro-3-benzoyloxy-A‘-cholestene (Spring and Swain, 


J., 1939, 1356). 
OH 
(IV.) HA MY R = COMe or COPh 
R 


The constitution of the 4-monoesters (IV) follows by implication and from the fact that the mixed esters 
obtained from them by acetylation and benzoylation are identical with the mixed esters obtained from the 
respective 3-monoesters. 

An acyl migration from C, to C, occurs when the 3-monoacetate of the cis-diol (VI) is warmed to 90° 
in acetic acid solution, yielding the 4~-monoacetate (VII). The reaction takes place slowly even at 37° and is 

reversible, the equilibrium apparently being shifted in favour of the less soluble 4~-monoester. At temperatures 
higher than 90° and rapidly at 118° in boiling acetic acid, the two monoesters undergo an allylic rearrangement, 
the acetyl group migrating to C,, and yield the esters of A‘-cholestene-3 : 6-diol (VIII). The latter diol is the 
main product when cholesteryl acetate (V) is oxidised with selenium dioxide in boiling acetic acid (Rosenheim 
and Starling, Joc. cit.; Butenandt and Hausmann, Ber., 1937, 70, 1154; Petrow, Rosenheim, and Starling, 
J., 1938, 677). These intramolecular changes may be formulated as follows : 


(V.) 
tego, 
AcOH AcOH 
(VI.) (VIL.) (VIH.) 


Still another instance of acyl migration in the 3-monoesters was observed when it was found that substitution 
of chlorine for hydroxyl at C, in 3-acetoxy-A*-cholesten-4-ol (I, R = COMe), m. p. 194°, and of the former by 
hydroxyl, yielded 4-acetoxy-A°-cholesten-3 -ol (IV, R = COMe), m. p. 165°. In the same way 3-benzoyloxy-A°- 
cholesten-4-ol, m. p. 210°, is transformed into éhaseapleny-Athdieten tik m. p. 155°. These substances 
are identical with the corresponding 4-monoesters obtained from cholesteryl dibromide by the method described 
ina previous section. The fact that they yield the cis-diol, m. p. 176°, on hydrolysis suggests that the expected 
Walden inversion has not occurred in their formation from (I), unless it has occurred twice. 

This series of observations affords an explanation for some of the results obtained by Spring and Swain 
(loc. cit.) in the .dehalogenation of 6-chloro-3-benzoyloxy-A*-cholestene, which yielded, amongst others, a 
compound (C), m. p. 154°, a monobenzoate of the cis-3 : 4-diol. Compound (C) differed from the monobenzoate 
of the cis-diol previously obtained by Rosenheim and Starling (Joc. cit.). The former authors recognised that 
during the formation of one of the monobenzoates a migration of the benzoyl group had occurred, but left the 
position of the ester group in the two benzoates undecided. The above results show that compound (C) is 
identical with 4- -benzoyloxy-A‘-cholesten- 3-ol (IV, R = COPh). 

This migration of acyl radicals in steroids is analogous to the acyl migration in glycerides, observed by 
Fischer in the reaction «-iodohydrin «’8-distearate —-> glycerol aa’-distearate (Ber., 1920, 58, 1621). The 
interpretation of the reaction by Fischer assumes the intermediate formation of orthocarbonic esters and applies 
equally well to acyl migrations in the sugar group (Haworth, Hirst, and Teece, J., 1930, 1405). The mechanism 
first proposed by Fischer received strong support by the isolation of the postulated cyclic intermediate dioxolone 
derivative by Hibbert and Greig (Canadian J. Res., 1931, 4, 254; cf. Meerwein and Sénke, Ber., 1931, 64, 
2375). 

An intermediate unstable five-membéeted cyclic acetal ring (X) neieg assumed, it is evident that the rupture 


* Owing to a clerical error the maximum of the absorption band of the of-unsaturated ketone was given at 2800 A. 
instead of at 2400 a. by Petrow and Starling (J., 1940, 60). 
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of such a ring system can give rise in steroids to either 3- or 4-monoesters (IX and XI), thus explaining the 
above described reversibility of acyl migration. The stereochemical configuration of the diol with its hydroxyls 
at C, and C, in the cis-position may be held to facilitate this interchange : 


R H at 90° R¢ ’ at 90° - RC 
H 


(IX.) (X.) 


An alternative mechanism of acyl migration in steroids is suggested by the fact that their ring system contains 
an unsaturated linkage, in contrast to glycerol and carbohydrates, which forms part of a potential tautomeric 
system. It has been pointed out (Rosenheim, Nature, 1941, 147, 776) that a transannular anionotropic change 
in this system affords a possible explanation for the formation of the bridge linkage from C, to C, in i-cholesteryl 
acetate. Attractive as the assumption of an intermediate labile pentacyclic compound of the i-cholesterol 
type would be in explaining acyl migration in steroids, it lacks at present experimental confirmation. 

Incidental observations are recorded on the action of thionyl chloride on the cis-diol and its 4~monoacetate, 
which yield a cyclic sulphite, C,;H,,O,S (XII), m. p. 146°, and a bis-sulphite, C,,H,,O,S (XIII), m. p. 160°, 


respectively. 
(XII.) ARV AW (XIII) 
oO: ra) 


EXPERIMENTAL. 


4-Acetoxy-A5-cholesten-3-ol (IV; R = Ac).—(a) Silver acetate (14 g.; 2 mols.), dissolved in pyridine (40 ml.), was 
added rapidly with shaking to cholesteryl dibromide (20 g.; 1 mol.) suspended in ether (200 ml.) and pyridine (20 ml.), 
The resulting clear solution rapidly deposited a heavy greenish precipitate. Ether (600 ml.) was added after 10 minutes, 
the precipitated silver bromide (13-9 g.) removed, the ethereal solution freed from pyridine by washing with dilute sulphuric 
acid and water and dried, and the ether removed. When the crystalline residue, dissolved in chloroform (10 ml.), was 
treated with acetic acid (100 ml.), the acetic acid compound (10-5 g.) of the 4-monoacetate crystallised, m. p. 143—-144° 
after softening at 124°. On crystallisation from 85% alcohol (10 vols.) the 4-:monoacetate % oo in Sate m. p. 
164—165°, —88-8°; —107-8° (c, 1-312);* = 1-21 (Found :¢ C, 78-2; H, 10-5. requires 
C, 78:3; H, 10-9%), which gave deep blue colorations with the trichloroacetic acid and the antimony trichloride reagent. 
In contrast to the 3-monoacetate, the 4-monoacetate and its homologues crystallise from acetic or propionic acid, etc., 
with 1 mol. of the acid (cf. cholesterol).. These addition compounds melt lower than the respective 4-monoesters, lose 
the acid of crystallisation in a vacuum at 120°, and dissociate on recrystallisation from dilute alcohol. The 4-monoacetate 
gave 3-benzoyloxy-4-acetoxy-A®-cholestene, m. p. 166—167°, and 3 : 4-diacetoxy-A5-cholestene, m. p. 169—170°, on 
benzoylation and acetylation, identified by mixed m. p. with authentic specimens prepared from the respective 3-mono- 
esters (Rosenheim and Starling, Joc. cit.). 

(b) Selenium dioxide (1-6 g.; 0-5 mol.), dissolved in water (0-8 ml.) and acetic acid (30 ml.); was added to cholesteryl 
acetate (10 g.; 1 mol.) dissolved in benzene (20 ml.). After 3 hours’ refluxing on the water-bath, sodium acetate (3 g.) 
was added, the heating continued for 10 minutes, the solution filtered (norit), and the filtrate concentrated by distillation 
in a vacuum at 30° until crystallisation commenced. Acetic acid (10 ml.) was added, the crystals redissolved by warming, 
and the solution set aside for 24 hours. The product (4 g.) in 5 vols. of dioxan was freed from residual selenium (sintered 
glass filter). On addition of an equal volume of acetic acid the acetic acid compound, m. p. 144°, separated; it afforded 
4-acetoxy-A5-cholesten-3-ol, m. p. 164—165° (alone or in admixture with the specimen described under a), on crystallisation 
from 85% alcohol. On addition of water to the mother-liquor and recrystallisation of the precipitate from spirit the 
3-monoacetate, m. p. 193—194°, was obtained (ca. 5% Pores 

The monoesters, m. p. 165° and 191°, of the cis-diol mentioned incidentally by Marker and Rohrmann (J. Amer. 
Chem. Soc., 1939, 61, 3022), and erroneously described as polymorphic forms of the 3-monoacetate, are actually the 
4-mono- and the 3-mono-acetate respectively, the latter having previously been obtained by Rosenheim and Starling 
(Chem. and Ind., 1933, 52, 1056) and fully described by Petrow and Starling (Joc. cit.). The so-called 3-acetates of 
4-hydroxysitosterol and phe are 64 amt (Marker and Rohrmann, J]. Amer. Chem. Soc., 1938, 60, 1071, 1073) 
are similarly the 4-monoacetates of the corresponding cis-3 : 4-diols, an acyl migration as above having occurred in their 
preparation from sitosteryl and yo mes l acetates in benzene~acetic acid solution. 

(c) Cholesteryl acetate (10 g.), dissolved in pure dioxan (20 ml.), was mixed with a solution of selenium dioxide (1-6 g. ; 
0-5 mol.) in water (0-8 ml.) and acetic acid (30 ml.). After 3 hours at 90° sodium acetate (5 g.) was added, the heatin 
continued for about 10 minutes, the liquid filtered through a hot-water funnel, and after°24 hours the cream-colour 
crystalline product (6-2 g.) collected. It was dissolved in dioxan (5 vols.) and filtered from residual selenium, and an equal 
volume of acetic acid added. Recrystallisation from 15 vols. of acetic acid at 90° yielded the acetic acid compound, 
m. p. 144°, which was converted into the 4-monoacetate, m. p. 164—165° (alone or in admixture with an authentic 
specimen), by recrystallisation from 15 vols. of 85% alcohol. The mother-liquors from the first crystallisation gave 
ca. 5% of the 3-monoacetate, m. p. 193—194°. 

(d) From the 3-monoacetate : (1) The 3-monoacetate (2 g.) in a mixture of dioxan (15 ml.) and acetic acid (15 ml.) 
was kept at 90°forlhour. After 24 hours at room temperature crystals of the acetic acid compound (0-8 g.) were collected 
and identified as above. Owing to the disturbence of the equilibrium 3- = 4-monoacetate by the removal of the 
4-acetate, the filtrate yielded a further crop of the latter after heating at 90° for l hour. (2) The 3-monoacetate (1 g.) 
ina mixture of benzene (5 ml.) and acetic acid (10 ml.) was refluxed for l hour. After removal of the benzene in a vacuum 
at room temperature, the acetic acid compound (0-4 g.) of the 4-monoacetate separated ; it was identified as above. 

_ 4-Propionoxy-A®-cholesten-3-ol (IV; R = COEt).—(a) Silver propionate (3-8 g.) in pyridine (10 ml.) was rapidly mixed 
with cholesteryl dibromide (5 g.) in ether (40 ml.) and pyridine (25 mL). After 1 hour, ether (200 ml.) was added, and 
the procedure described above followed. e ether rpalden (3-8 g.), recrystallised from 85% alcohol or acetone, gave 4- 

* All rotations were measured in chloroform solution in a 4 dm. tube, 


t+ Microanalyses by Drs. Weiler and Strauss. 
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propionoxy-A®-cholesten-3-ol in fine needles, m. p. 134—135°, —87-8°; —104-8° (c, 1-076); as4g,/ap = 1-2 
(Found: C, 78-2; H, 10-8. CoH 90, requires C, 78-5; H, 10-9%). The acetic acid compound formed long needles, 
m. p. 110—112°. 

1b) Cholesteryl propionate (5 g.) in benzene (10 ml.) was mixed with a solution of selenium dioxide (2 g.) in water 
(1 ml.) and acetic acid (20 ml.). After 1 hour’s refluxing at 90°, sodium acetate (4 g.) was added, and after a further 
10 minutes the solution poured into water and extracted with ether. The ethereal layer was washed, dried, concentrated, 
and diluted with acetic acid; crystals of the acetic acid compound (1-15 g.), m. p. 110—112°, were then obtained, which 
yielded the 4-monopropionate on recrystallisation from 85% alcohol. 

3-Acetoxy-4-propionoxy-A®-cholestene, needles from 85% alcohol, m. p. 156—157°, [a]#” —96-5°; [a}3%, —114-0° (c, 


1-19); ag4g,;/apn = 1-2 (Found: C, 76-6; H, 10-5. C,,H,.O, requires C, 76-6; H, 10-4%), was obtained by acetylation 


of 4-propionoxy-A®-cholesten-3-ol or by propionylation of 3-acetoxy-A5-cholesten-4-ol. 

4-Butyroxy-A*-cholesten-3-ol (IV; R = COPr).—Silver butyrate (4-7 g.) in pyridine (15 ml.) was added to cholestery] 
dibromide (6-5 g.) in pyridine (25 ml.). The product (4-6 g.), isolated as above, was treated with methanol (20 mi.) 
and after recrystallisation from acetone gave 4-butyroxy-A°-cholesten-3-ol in fine needles, m. p. 125—126°, [a]?! —75-3°: 
[a}zt5, —90-2° (c, 1-086) ; agyg,/ap 1-2 (Found : C, 78-9; H, 11-0. C3,H3,0, requires C, 78-8; H, 11-1%). The acetic acid 
compound formed needles, m. p. 99—100°. 

. _3-Acetoxy-4-butyroxy-A®-cholestene, silky needles from methyl-ethy]l alcohols, m. p. 139—140°, —90-8°; 
—107-5° (c, 1-116) ; as4g;/ap = 1-2 (Found: C, 76-9; H, 10-6. C,,;H,,O, requires C, 76-9; H, 10-4%), was obtained by 
acetylation of 4-butyroxy-A®-cholesten-3-ol, or by treatment of the 3-monoacetate with butyric anhydride. 

4-Benzoyloxy-A5-cholesten-3-ol (IV; R = Bz).—Silver benzoate (10 g.) in i, (40 ml.) was added rapidly to a 
suspension of cholesteryl dibromide (10 g.) in pyridine (10 ml.) and ether (100 ml.). The product (7 g.), isolated as before, 
gave 4-benzoyloxy-A®-cholesten-3-ol, which formed prisms from acetone, m. p. 154—155°, —29-5°; —35-0° 
(c, 1-066); as4g,/apn = 1-2 (Found: C, 80-8; H, 9-8. C3,H,.O; requires C, 80-6; H, 9-9%), not depressed in admixture 
with the compound (C) of Spring and Swain (loc. cit.), kindly supplied by Dr. F.S. Spring. On acetylation 4-benzoyloxy- 
3-acetoxy-A®-cholestene was obtained, needles from spirit, m. p. 132—134°, —59-5° ; —70° (c, 1-044) ; /ap = 
1-2, also obtained by benzoylation of the 3-monoacetate (Spring and Swain, Joc. cit., give m. p. 130—131° and [a]? 
—54-8°). 

4-Acetoxy-A5-androsten-3(B)-ol-17-one.—Solutions of A5-androsten-3(8)-ol-17-one (2 g.) and bromine (0-38 ml.) in 
chloroform (20 ml.) were mixed, and the solvent removed in a vacuum at room temperature. The residue, dissolved 
in ether (20 ml.) and pyridine (10 ml.), was treated with silver acetate (2-3 g.) in pyridine (10 ml.) and kept for 20 minutes 
in the dark; ether (250 ml.) was then added. The ethereal residue (2-08 g.), obtained by the usual procedure, was 
triturated with hexane and ether to remove yellow pigment and gave 4-acetoxy-A‘-androsten-3(B)-ol-17-one in prismatic 
needles from 50% alcohol or dioxan, m. B- 192—193°, [a]? —60-7; [a]3%4, —69-2° (c, 0-910) ; asqg,;/ap = 1-14 (Found : 
C, 72-6; H, 8-3. C,H,,0, requires C, 72-8; H, 8-7%). This gave an intense blue coloration with the trichloroacetic 
acid reagent. ; 

cis-A5-Androstene-3 : 4-diol-17-one, shiny plates from 50% aqueous dioxan, m. P- 204—205°, [a]?” —28-5° (c, 0-228) 
(Found: C, 74-7; H, 9-0. Cy, 9H,,O, requires C, 74-9; H, 9-3%), was obtained on hydrolysis. Biological assays by the 
capon growth method, kindly carried out by Dr. W. Emmens, showed that the diol was devoid of androgenic activity. 

3-Acetoxy-A’-cholesten-4-ol (I; R = Ac).—(a) Cholesteryl acetate (10 g.) in dioxan (30 ml.) was mixed with selenium 
dioxide (1-6 g.; 0-5 mol.) in water (0-8 ml.) and dioxan (10 ml.). After 3 hours’ heating on the water-bath the solution 
was decanted from black selenium and poured in a thin stream with mechanical stirring into half-saturated brine. The 
granular deposit was collected without suction, washed with water, and dried ina vacuum. The yellowish powder was 
boiled out under reflux with 95% methanol (200 ml.), and the residual resinous material treated twice with smaller 
quantities of the solvent. When the combined extracts were kept at —4°, crude 3-monoacetate (3-0 g.) separated. After 
grinding with cold light petroleum (15 ml.) and recrystallisation from alcohol, 3-acetoxy-A5-cholesten-4-ol was obtained, 
m. p. 192—193°, not depressed in admixture with a specimen prepared by partial acetylation of the cis-3 : 4-diol (Petrow 
and Starling, Joc. cit.). 

(b) The 4-monoacetate (1 g.) in dioxan—acetic acid (1:1; 30 ml.) was kept at 90° for 1 hour. After 24 hours at room 
temperature the deposited acetic acid compound of the 4-monoacetate was removed. The filtrate on treatment with 
water gave the 3-monoacetate (0-4 g.), m. p. 192—193° after recrystallisation from spirit, alone or in admixture with an 
authentic specimen. 4-Benzoyloxy-3-acetoxy-A5-cholestene, m. p. 132—134°, obtained on benzoylation, was identical 
with the acetylation product of 4-benzoyloxy-A®-cholesten-3-ol (see above). 

3-Benzoyloxy-A5-cholesten-4-ol (I; R = Bz).—Solutions of cholesteryl benzoate (5 g.) in dioxan (10 ml.) and selenium 
dioxide (0-6 g.; 0-5 mol.) in water (0-3 ml.) and dioxan (5 ml.) were mixed. After 3 hours’ heating on a water-bath the 
solution, decanted from black selenium, was kept, the erude monobenzoate (3-6 g.) then deposited yielding 3-benzoyloxy- 
A5-cholesten-4-ol, m. p. 205—-206° on recrystallisation from ethyl acetate and benzene, mot depressed in admixture with a 
specimen prepared by partial benzoylation of the cis-3 : 4-diol (Rosenheim and Starling, Joc. cit.). On acetylation 
3-benzoyloxy-4-acetoxy-A5-cholestene, m. p. 166°, was obtained (see above). 

Preparation of A*-Cholestene-3 : 6-diol from cis-A5-Cholestene-3 : 4-diol or its Monoacetates.—A solution of the respective 
monoacetates or the cis-diol (1 g*) in acetic acid was refluxed for 5 minutes, the solvent removed in a vacuum, and the 
residue acetylated by boiling with acetic anhydride; 3 : 6-diacetoxy-A‘-cholestene thus obtained had m. p. 134—135°, 
not depressed by an authentic specimen. Hydrolysis furnished A‘-cholestene-3 : 6-diol, m. p. 255—256° alone or in 
admixture with an authentic.specimen (Rosenheim and Starling, Joc. cit.). ‘ 

4-Chloro-3-acetoxy-A®-cholestene (II; R = Ac).—(a) Thionyl chloride (1 ml.; 1 mol.) in ether (10 ml.) was added 
dropwise to a solution of 3-acetoxy-A5-cholesten-4-ol (5 g.; 1 mol.) in ether (200 ml.) containing pyridine (1 ml.; 1 mol.). 
After 24 hours at room temperature or gentle refluxing on a water-bath for 3 hours, the ethereal solution was decanted 
from pyridine hydrochloride (1-4 g.), washed with sodium bicarbonate and water, and dried, and the ether removed, to 
give 4-chloro-3-acetoxy-A®-cholestene (5-6 g.), which formed prismatic needles from ether—alcohol (1 : 2), m. p. 108—109°, 
—70-4°; —85-0° (c, 1-366) ; = 1-12 (Found: C, 75-4; H, 9-9; Cl, 7-7. C,9H,,O,Cl requires C, 75-2; 
H, 10-2; Cl, 7-7%). The compound gave an intense blue coloration with the trichloroacetic acid reagent. 

(b) To a solution of 6-chloro-3-acetoxycholestan-5-ol (5 g.) (Ruzicka and Bosshard, Helv. Chim. Acta, 1937, 20, 244; 
Chakravorty and Levin, J: Amer. Chem. Soc., 1942, 64, 2317) (III; R = Ac) in pyridine (20 ml.) cooled in a freezing 
mixture, thionyl chloride (0-8 ml.) was added dropwise with shaking. After 5 minutes the mixture was poured into 
water, and the precipitated solids collected and recrystallised from ether—methy] alcohol (1 : 2) to give 4-chloro-3-acetoxy- 
A5-cholestene (3-5 g.), m. p. 108—109° alone or in admixture with a specimen prepared by method (a). ° 

Preparation of 4-Acetoxy-A5-cholesten-3-ol and 3 : 6-Diacetoxy-A‘-cholestene from 4-Chloro-3-acetoxy-A®-cholestene.— 
Solutions of 4-chloro-3-acetoxy-A*-cholestene (1 g.) in dioxan (5 ml.) and potassium acetate (1 g.) in acetic acid (10 ml.) 
were mixed and heated for 1 hour on the water-bath. Potassium chloride was removed from the hot solution, which 
deposited the acetic acid compound (0-5 g.) of the 4-monoacetate, m. p. 142—-144°, on cooling ; this was identified as above. 
A solution of 4-chloro-3-acetoxy-A®-cholestene (1 g.) in acetic acid (10'ml.) containing potassium acetate (1 g.) was refluxed 
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for 5 minutes, after being kept at 90° for 1 hour; acetylation of the residue obtained on removal of the solvent in a vacuum 
yielded 3: 6-diacetoxy-A‘-cholestene, m. p. 134—135° alone or in admixture with an authentic specimen. 
4-Chloro-3-benzoyloxy-A®-cholestene (Il; R = Bz).—Thionyl chloride (0-4 ml.; 1 mol.) in ether (8 ml.) was added 
dropwise to 3-benzoyloxy-A*-cholesten-4-ol (2-5 g.; 1 mol.) dissolved in ether (100 ml.) and benzene (25 ml.) containing 
yridine (0-4 ml.; 1 mol.). The mixture was treated as above. The product in ether (10 ml.) was precipitated with 
alcohol (10 ml.) to give needles (2-14 g.), m. p. 124—126°, which yielded on recrystallisation from ethyl acetate—alcohol 
4-chloro-3-benzoyloxy-A®-cholestene, m. p. 127—128°, [a}}®° —81-9; [a}}%, —101-1° (c, 1-132); aggg;/ap = 1-23 (Found : 
C, 77-3; H, 9-3; Cl, 6-4. Calc. forC,,H,,O,Cl : C, 77-7; H, 9-4; Cl, 6-7%), not depressed in admixture with the substance 
described as 6-chloro-3-benzoyloxy-A‘-cholestene, prepared from 6-chloro-3-benzoyloxycholestan-5-ol and kindly 
supplied by Dr. F. S. Spring. : j 

cis-A5-Cholestene-3 : 4-diol endo-Sulphite (XII).—Thionyl chloride (1 ml.; 1 mol.) in ether (15 ml.) was slowly added to 
a solution of the cis-diol (5 g.; 1 mol.) inether (180 ml.) and pyridine (1 ml.; 1 mol.), andthe mixture refluxed-for 3 hours. 
The ethereal solution was decanted from pyridine hydrochloride, washed, and concentrated to ca. 20 ml. The crystalline 
precipitate (3-1 g.) obtained by adding an equal volume of alcohol gave the endo-sulphite, which formed needles from 
ether—alcohol (1 : 1) or acetone, m. p. 146—148° [a}}?” —64-6 ; —77-4° (c, 1-172) ; = 1-2 (Found: 
C, 72:2; H, 9-9; S, 7-1. C,,H,,O,S requires C, 72-3; H, 9-9; S, 7-2%). The compound was recovered unchanged after 
heating with acetic anhydride (absence of hydroxyl groups) and yielded the cis-diol on hydrolysis. With the trichloro- 
acetic acid reagent on warming a a blue coloration was produced (for a similar steroid endo-sulphite, see Jacobs and 
Elderfield, J. Biol. Chem., 1932, 97, 727; Tschesche, Z. physiol. Chem., 1934, 229, 224). 

Bis-(4 : 4’-acetoxycholesteryl) Sulphite (XIII).—Thiony] chloride (0-4 ml.; 1 mol.) in ether (10 ml.) was added dropwise 
to a solution of the 4-monoacetate (2-2 g.; 1 mol.) in ether (50 ml.) containing pyridine (0-4 ml.; 1 mol.), and the mixture 
refluxed for 3 hours. The liquid was decanted from pyridine hydrochloride (0-52 g.), which was washed with ether by 
decantation. The ethereal solution was washed and dried, the ether removed, and alcoholadded. The product (1-6 g.) gave 
bis-(4 : 4’-acetoxycholesteryl) sulphite, which formed shiny prisms from ether—alcohol (1 : 2), m. p. 159—160°, [a}}®" —106-1°; 
fa}sgy —127-0° (c, 1-060); aggg;/ap = 1-2 (Found: C, 74-7; H, 10-0; S, 3-6. C,,H,,O,S requires C, 74-4; H, 10-2; S, 
3-4%). The compound gave a deep blue coloration with the trichloroacetic acid reagent on warming, and furnished 


the cis-diol on hydrolysis with alcoholic potash (for bis-cholesteryl sulphite, see Daugenbaugh and Allison, J. Amer. 
Chem. Soc., 1939, 51, 3665). 
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42. The Alkaloids of the Seeds of Delphinium elatum, L. 


By Joun A. Goopson. 


The alkaloids from the seeds of Delphinium elatum consist chiefly of methyl-lycaconitine, with small quantities 
of two crystalline bases to which it is proposed to assign the names delpheline and delatine. Methyl-lycaconitine 
yields as hydrolytic  peseee. methylisuccinic and anthranilic acids and lycoctonine, a base obtained by 
hydrolysis of the alkaloid lycaconitine from the roots of Aconitum lycoctonum, the presence of the same alkaloid 
in these two genera of the plant family Ranunculacee thus being established for the first time. 


DELPHINIUM alkaloids are of special interest in two ways. Delphinium, like Aconitum, is a genus of the natural 
order Ranunculace@. Both genera yield alkaloids of high and low toxicity and there is some evidence of 
similarity in pharmacological activity between certain alkaloids of both groups, but although identity, or at 
least similarity in chemical structure, between some members of the two groups has long been suspected, 
there has so far been no evidence to confirm this suspicion. | 

The other point has topical interest arising out of the present emergency. The oil of Delphinium Staphis- 
agria (Stavesacre oil) was at one time used as a pediculicide and its insecticidal action was no doubt due to the 
alkaloids partly extracted in the oil. D. Staphisagria seeds are produced in Southern Europe and so stavesacre 
oil is no longer available. Some years ago a firm of seedsmen in London placed at the disposal of these 
laboratories a considerable supply of the seeds of a horticultural species, D. elatum, and it seemed worth while to 
examine the alkaloids from this species and if possible to ascertain whether the oil had the insecticidal character 
of stavesacre oil. 

, D. elatum has been little studied. Keller (Arch. Pharm., 1925, 268, 275) records the isolation of a crystalline 
base, C,,H,,0,N, m. p. 218°. In the present investigation two crystalline alkaloids, delpheline, C,,H3,0;N, 
and delatine, C,,H,,O,N, have been isolated and methyl-lycaconitine, C,;H,,0,)N_, which, although it forms a 
crystalline hydriodide, has not been obtained crystalline. 

Delpheline melts at 227° (sinters at 222°) and were it not that it contains more nitrogen than Keller (Joc. cit.) 
records for his crystalline base it would appear that the two alkaloids are identical. Delatine does not appear to 
have been previously isolated from a-delphinium. Methyl-lycaconitine is so named, because, just as lycaconi- 
tine, an alkaloid from the roots of Aconitum lycoctonum, gives as final hydrolytic products, succinic acid, 
anthranilic acid and lycoctonine (Schulze and Bierling, Arch. Pharm., 1913, 251, 30, 37, 41, 46), so under similar 
conditions methyl-lycaconitine yields methylsuccinic acid, anthranilic acid and lycoctonine. 

There is little doubt that. Manske (Canadian J. Res., 1938, 16, B, 57) isolated crude methyl-lycaconitine from 
the aerial portion of D. Brownii, for from the products of alkaline hydrolysis of his base, he isolated anthranilic 
acid, methylsuccinic acid and a crystalline base. Although he said this crystalline base was similar to, if not 
identical with, lycoctonine, he suggested, the formula. C,,H,,0,N or C,,H,,Q,N and added that the formula 
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C,,5H,,0,N was not entirely excluded. It seems certain that the substance he analysed was lycoctonine, 
C,;H,,0,N,H,O, for the figures found were: C, 62-12, 62-14; H, 8-62, 8-86; OMe, 26-10, 29-26, 23-51, 25-23 
and are in good agreement with those required for the hydrated base, namely, C, 62-07; H, 8-55; 4MeO, 
25-57. Further, the optical activity of his substance, [a]#" +52-2° (c = 0-8 in methyl alcohol), is not very 
different from [a]? +-49-64° (c = 9 in dry alcohol) given by Schulze and Bierling (Joc. cit., p. 32) for lycoctonine 
or from [a] +53-7° (c = 0-8 in methy] alcohol) and [a]? + 53-2° (c = 2 in dry alcohol) now found for that from 
methyl-lycaconitine. 

The present author is now able to confirm Manske’s suggestion and for the first time to establish the occurrence 
of the same alkaloid in species of Aconitum and Delphinium. Unfortunately there is not at hand a specimen 


of lycoctonine from Aconitum lycoctonum to compare directly with that from Delphinium elatum, but there can 
be little doubt of their identity. 


EXPERIMENTAL. 
The m. p.’s are corrected. 

Total Alkaloids.—The hydrochlorides of the total alkaloids obtained from 500 g. of the seeds by the method later 
described for the isolation of the alkaloids weighed 8-56 g. = 1-71% of the seeds. 

Isolation of Alkaloids.—The crushed seeds (17-7 kg.) were percolated with 90% alcohol (118 1.). The percolate on 
concentration separated into two layers. The aqueous alcoholic layer was concentrated until most of the alcohol had 
been removed. The oily layer and aqueous solution were mixed with an equal volume of light petroleum (b. p. 60—80°) 
and shaken with excess of 10% hydrochloric acid. The aqueous layer was separated, and the petroleum layer extracted 
three times with 50 c.c. of 10% hydrochloric acid. The united aqueous layers were treated with excess of sodium 
bicarbonate and extracted twice with an equal volume of chloroform. The filtered chloroform solution was shaken with 
sufficient N-hydrochloric acid (464 c.c.) to render the mixture slightly acid to Congo-paper. Both the aqueous layer 
(A) and the chloroform layer (B) contained hydrochlorides of -weak bases. 

The original aqueous alkaline solution after extraction with chloroform was treated with excess of 50% sodium 
hydroxide solution and extracted four times with an equal volume of chloroform. The filtered chloroform solution was 
shaken with sufficient N-hydrochloric acid to render the mixture slightly acid to Congo-paper. The aqueous layer on 
concentration gave 7°81 g. of crude crystalline delatine hydrochloride (0-044% of the seeds) and 22-3 g. of amorphous 
hydrochlorides (0-125% of the seeds). 

The aqueous solution (A) containing hydrochlorides of weak bases was treated with excess of sodium bicarbonate and 
extracted with ether. The ethereal solution on concentration gave 15-25 g. of.crude crystalline delpheline (0-086% 
of the seeds): the residue in the mother-liquor on neutralisation with N-sulphuric acid yielded 46-2 g. of sulphates 
(0-261 % of the seeds). 

The chloroform layer (B) was treated with water, and the chloroform removed by distillation. The tar which 
separated was extracted with a little 1% hydrochloric acid, and the united aqueous solution and washings treated with 
excess of sodium bicarbonate and extracted with ether and then with chloroform (C). The ethereal solution on 
concentration gave 16-3 g. of crude crystalline delpheline (0-092% of the seeds); the bases remaining in the mother- 
liquors yielded on neutralisation with N-sulphuric acid 164 g. of sulphates (0-927% of the seeds). These sulphates were 
fractionated by regeneration of the bases and extraction of their ethereal or chloroformic solutions with small quantities 
of n-sulphuric acid. The bases regenerated from the fractions of sulphates having rotations between [a]p +17-4° and 
-+20-9° were dissolved in about twice the quantity of alcohol, and their solution made very faintly acid to Congo-paper 
with approximately n-hydriodic acid. Crude crystalline methyl-lycaconitine hydriodide gradually separated, amounting 
to 67 g. 

The bases in the chloroform extract (C) on neutralisation with dilute sulphuric acid yielded 73 g. of sulphates (0-412% 
of the seeds), having [a]??” +20-4°, which on conversion into hydriodides as previously described yielded 45 g. of crude 
crystalline methyl-lycaconitine hydriodide. The total crude methyl-lycaconitine hydriodide obtained amounted to 
0-791% of the seeds, the total crude delpheline to 0-178%, and the total crude delatine hydrochloride to 0-125%. So 
far neither the other bases nor their salts have been obtained crystalline. i 

Delpheline. The base, purified by crystallisation from 70% alcohol, forms anhydrous prisms, m. p. 227° (sinters at 
222°), {a]}5° —25-8° (c = 2 in chloroform) (Found : C, 67-4; H, 8-6; N, 3-4; OMe, 21-0; NMe, 8-1. C,,H,,0,N requires 
C, 67-5; H, 8-5; N, 3-6; 30Me, 23-8; NMe, 7-4%). It is a weak base; its salts tend to lose acid on drying. The 
hydrochloride crystallises from dilute acetone in prisms containing one molecule of water, m. p. 219° with frothing 
ae at 215°), [a]?0° —42-8° (c = 2 in water) (Found: C, 59-5; H, 83; N, 3-1; Cl, 7-1; OMe, 18-6; NMe, 5-7. 

22H,,0,;N,HCI,H,O requires C, 59-2; H, 8-1; N, 3-1; Cl, 7-9; 30Me, 20-9; NMe, 6-5%). The nitrate tallises from 
dilute acetone in anhydrous prisms, m. p. 191—193°, [a]? —41-2° (c = 2 in water) (Found: C, 58-7; H, 7-8; N, 5-7; 
OMe, 19-8; NMe, 5-0. C,,.H,,0;N,HNO, requires C, 58-1; H, 7-6; N, 6-2; 30Me, 20-5; NMe, 6-4%). 

Delatine. The base crystallises in prisms containing one molecule of water from aqueous solution of its hydrochloride 
on the addition of sodium hydroxide solution. The hydrated base has m. p. 148° (sinters at 141°), [a]#"° +13-5° (c = 2 
in n/5-hydrochloric acid) (Found : loss at 105° in a vacuum, 5-4. C,,H,,O,N,H,O requires H,O, 5-4%). The anhydrous 
base has a 261—264° (Found: C, 72-6; H,8-2; N,4-9; OMe, nil. C,9H,,O,N requires C, 72-3; H, 8-0; N, 4-5%). 
The hydrochloride, purified by crystallisation from water, gave anhydrous crystals, m. p. 274—277°, [a]}®° +13-4° (c = 2 
a 3%) (Found: C, 64-6; H, 7-6; N, 43; Cl, 8-4; OMe, nil. C,H,,O,;N,HCl requires C, 64-8; H, 7-5; N, 4-0; 

Methyl-lycaconitine hydriodide. The hydriodide, purified by récryStallisation from 70% alcohol, gave crystals, m. p. 
201° (decomp.). The salt being sparingly soluble in water or alcohol, its optical rotation was observed in alcoholic 
eS hydroxide solution; the [a]p was found to oe with the strength of the potassium hydroxide solution used. 

he following figures were obtained : [a]? +18-5° (c = 2 in n-alcoholic potassium hydroxide), [a]? +24-4° (c = 2 in 
n/5-solution), [a]?° +31-2° (c = 2in 0-024n solution) (Found in air-dried salt; loss at 105° in a vacuum, 4-2. 
Cy2H,y,OiN2,HI,2H,O requires H,O, 4-3%). Found in anhydrous salt: C, 54-6; H, 6-5; N, 3-8; I, 14-9; OMe, 15-9; 

e, 2: C3,HygOi9N,,HI requires C, 54-9; H, 6-1; N, 3-5; I, 15-7; OMe, 15-4; NMe, 3-6%). , 

Methyl-lycaconitine. The free base was obtained as a nearly colourless, friable mass by shaking a suspension of the 
hydriodide in water with excess of sodium bicarbonate in the presence of chloroform, and removing the chloroform from 
the filtered chloroform layer by distillation. The residue, after first drying at 70° and then at 90° and finally at 105° 
in a vacuum, had m. p. 128° (sinters at 119°) and [a]? +49-1° (c = 2 im dry alcohol). The base was not 
obtained crystalline. 

Alkaline Hydrolysis of Methyl-lycaconitine—Methyl-lycaconitine from the hydriodide (6 .) was dissolved in alcohol 
(40 c.c.) and heated on the water-bath with 15 c.c. of ‘N-sodium hydroxide until most of the alcohol had evaporated. 
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